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"nothing. more | to the. 


contributes 
utations than General Theorems or 
2; as xs thereby, the- mode of operation, which 3 is then ex- 
ibited in one point of view, is eafily retained in the memo! 
comprehenſion by bs, para 

perly exem pliffed. Of this aſſiſtance, no Sdience, 
fands more in need, thart that of NavieaTioNn. Tedious 


operoſe ca n 


1 * 


lenden are by no means adapted to the 
buſy life'of a Mariner at ſea, who is almoſt inceſf 
im availing himſelf of every occurrence that may tend: to 
bis progreſs on the voyage, and to- ſurmount the obſt 


e dangei that every moment preſent en 
bim. Simplicity and brevity are evidently, in the 
| jects of attainment. 
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. 1 een be found en a for the fl ral 

= purpoſes of Navigation, they muſt certainly, i in point of utility, be 
preferable to more complicated proceſſes ; the reſults of which, 
|. even in the moſt ſkilful hands, are often, through the almoſt un- 
a avoidable errors attending a long and troubleſome calculation, 
added to thoſe too ſ requently ariſing from the obſervations them- bl 
; ſelves, ambiguous and uncertain. 5 
Theſe remarks principally apply to the methods hitherto given zi 

of finding the Longitude at Sea by the obſerved lunar diſtances, "i 
For as theſe diftances are only apparent, and in ſome caſes greater 
and in others leſs than the true diftance (a circumſtance owing. to 
refra&tion and parallax, with which the apparent place of every | 


celeſtial body. unleſs when i in the zenith of the obſerver, 1s more 


or leſs affected), they ſtand in need of a correction, —an operation „ 

hat is univerſally confidered as the moſt intricate and embarraſling . 

in the whole practice of nautical computation; and which has, 
by its forbidding aſpect, deterred many intelligent ſeamen from 
attempting the determination of the longitude by this procedure. 

The method here recommended for obtaining this correction is 5 


chiefly by a ſimple linear projection, which will be found, in ge- 


neral, to produce a reſult with ſurpriſing exactneſs; particularly 5 
il the obſerved altitudes be within the uſual limits with reſpect to | 


the horizon and the zenith. The reaſon indeed of this conciſe 


operation may not be obyious to eyery one, having its origin in 
tme nature of ſtereographics, and the increments of variable ſphe- : 
rie triangles; but it is, notwithſtanding, ſo plain and expeditious. ; 

: in its OS, that the oorrection mays in all. e be aſcer- 
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| tained i in a vely FEAR minutes. The buſineſs, herefo of finding 
| the Longitude at Sea by the lunar diftances is, by this means, 
| rendered ſo eaſy, that, in conjunction with that excellent and in- 
I Adilpenfibly neceſſary performance, the Nautical Almanac, with 
438 its proper appendage, the Requiſite Tables, —a work which will 
” for ever reflect the higheſt honor on its learned and truly noble- 

ſpirited author, our preſent Aſtronomer Royal, the Rev. Dr. 
MaskkLxIxR, the whole proceſs may be perſectiy comprehended 
in one ſingle hour, by oy man NYE can W a common r 5 reo- 
. by Koning; Et ke bet? 0 1 
II Thoſe who with for greater Pech Han this een 
. affords, muſt have recourſs to pure computation in cortecting the 
I lunar diſtances; for which purpoſe they will find the Fonts A 
I here given not only new, but exceedingly conciſe, requiring only 
S three logarithms in the whole operation: and it has alſo. the ad- 
vantage of perſect accuracy, being derived directly from the prin- 

ciples of 1] pherics,—having the three ſides of a triangle given (e 

FY obſerved diſtance, and the two co-altitudes, or zenith diſtances) 

Id find the vertical angle; and from thence, and the corrected 
5 e or ſides, to determine the baſe, or true diſtance 
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SEAMAN's AY 
PROBLEM & 


Th find the a rent Time at Sea, Bavi given TY Latitude nd 
rr D. R. the Bw ge tine: 7d 


the pro Ime. 


PREPARATION. 


From the obſerved altirude of the Sun's lower limb, fubtrat the dip of 

the horizon and the refraftion (I. II. R. T.) and to the remainder add the 

Sun's parallax (III. R. T.) and ſemidiametes (p. III. N. A. the ſum will 

be the correct altitude of the Sun's centre. 

Find the Sun's declination for the day (II. N. A.); then add or ſubtrat 
for the Ship's longitude, and alſo for the time from noon (VI. R. T.) and 

the reſult will be reduced declin. to the time and place of obſervation. | 


8 PRECEPTS. : 
«. Take the diff. between the Sun's polar diſtance and the co-latitude of 


the Ship. 

. T, the "Hb al. half the ſum of this diff. and the Sun's zenith dif. 
tance, add the fine of half the diff. of the ſame ares, and increaſe the in- 
dex by 20. 

Add a the log: ſines of the co-lat. and the polar. diſtance. 
. Half the diff. of theſe two ſums is the log. fine of an arc (balf the 
Sun's merid. dit.) which, being nne and converted into time, is the 


9 time * 


REMARKS. 


1. If PO 3 be made in the forenoon, the time thus found muft 
be taken from 24 _ andthe remainder will be the aſtronomical time of 


P: 


(8 3 


'2. The ſame method finds the apparent time by the obſerved altitude of a 
'known Star, writing Star for Sun in the Formula. Having found the Stars 
merid. dist. in time, ſubtract the Sun's R. A. in time (corrected for the given 


meridian and hour, XXIII. R. T. according to the daily variation of the 


Sun's R. A. II. N. A.) from the Star's R. A. correfted for the year and 
month, agreeable to Ann. Var. VII. R. T. and increaſed by 24 hours, if 


neceſſary, the remainder is the time of the Star's culminating: and there- 


fore, by adding or ſubtracting the Star's horary diſtance, as it is to the Weſt 
or Eaſt of the meridian, the apparent time of obſervation will be abtained.“ 


g. If the Sun's declination be not of the ſame name with the latitude, that 


is, both North or both South, then go degrees muſt be added to the Sun's 


declination, for the polar diſtance, _ ö 


| METHOD of finding the APPARENT TIME at SEA 
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» . b H. M. S. 
App. time from noon 3 8 2 7 
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3 the preceding day 8 1 %% ẽ⁴Ul ers | 


„But if the approx. time of obſervation be not known, or not to be depended 6n,—then, add the 
Star's merid. dist. to its R. A. in time, if M, or ſubtrat it if E; and from the ſum, or diff. take the 


Sun's N A. for noon at the given place: the remainder will be approx. time. To this time take out 


apparent time of obſcrvation. „ 8 FS No - 
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the correction from XXIII. R. T. and ſubt ract t from the approx. time, the remainder will be the 
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M. S. 
2 27 2 


Was 24” 47 


grinds - 10 
9 90 0 d 0 at noon * 4 "Ba; | 
3-49 Longitude 51* 19 'W. *4 - 
41 OM 8 2 


12 Red. . | = S. 6 19 24 
114 27; WR. 


out Con. alt. EA cones 24 57 2 24 57 98 = 458 


"% 
1 id 
t 5 - 4 $55 5 
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GIVEN Sun's alt. 


m's lower ünz. taken by t 


The Latitude 


Sun 'sdeclin, 
Sun's zen. dist. 
Sun's polar dit. 96 19 44 S. 9997365 
ure, rr 12, "hn ONS: 
Diff. | 51 56 '24 3 195 u 
13 5 E wok . dre 
Half ſum 5 3 993073 
Half diff. - 6 32 49. 9˙ 05696 
| | + 8898767 
bee hn C_—_—_—_= 
4 half _— diſt. 2 57 of K. diff S. 997278; 
| Error of the Watch, my fee. too flow... 
EXAMPLE TIE. 


4000, May 6. Briſtol, latitude 51* 27! gon N. 8 2* go! W. at 
20 P. M. per Watch, regulated to apparent time; the altitude of the- 
e mercurial, nrtalicial We was 37* 3. 330 5 


Required the true apparent time. 
' PREPARATION. e 
Sun's alt. L. L „ 8 
un's alt. LI. L. 97 3 32 un's dee. at noon V. A. 16 32 
Dir % . Longitude 2* a Wi + 0 ls , 
Refr.” — 0 116 9 20/ P. M. - 0 2 25. 
Par. | 0:0 7. | — — 
Semidiam. o 15 534 Red. declin. | N. 16. 35 25. 
Corr. alt, Sun's centre 7 18 174 7 


7 


St 


1-8 


+ x9 _— 


e = Oe Latitude * 
GIVEN4 Sun's alt, 
L 1 Sun's declin.. 


ET | 0 * * | : 
| Sun's zen. dift. 52 41.43 
Sun's polar diſt. | 72 24 35 | Ye + . 9˙981 5337 | 
Co: lat. 32 3660 S. 9:7945408: 
Diff. 5 34 52 5 52 L „„ 19*7760800 
Half ſum _ 43 + a. 54 PI S. 9*8400519 
Half diff, | 5449 - _ 8. 9'1901777 
| | 1 0 + 390302287 
oF: 3 . : 22 — 
Sun's half merid. diſt. 25 4 4.9 H. diff. 916270744 
Apparent time 3 F. . +; 
Error of the Wah, 33 ſec. too flow. 7 
EXAMPLE Iv. a 1 
1780, Apri at 7* 49 P. M. appproximate time, latitude . 48* z6!, 2 
long. 5g 1 e obſerved altitude of Aldebaran was 22244 / V. the J 


height o the obſerver's eye above the ſurface of the ſea, 21 feet. Required 
the true apparent time of obſervation. | | | 


 PPEPARATION. 
„„ f H. M. S. 
See bt l, 22 24 30 Sani A it nog 133 1 
Refr. — o 2 18 Long. 66 W. +0 o 41] XXII. 
Dip F 9 49' P. M. ＋o 112 R. T. 
Star's true alt. 32 22 17 50 Sum ared. N. A. 2.94 542+ 


J 


Star's red, declin, N. 16 8 4 


* 


VII. R. T: 


Star's red. R. ” TP 23 20) 


: / — . k : : # 1 : 2 
. 1 | -. _ 
- + = 
1 . 
8 n * | K 2 
> - 
GG C —_L5 
n £3 -  -  — 
" y _ = * 
. : r » 1" 
p 
' *. i 
* a > 
\ 0 


E C The Latitude VVV 
= E GIVEN Star's alt. 2 17 50 To find the appar. 
| Z . | I Star's declin, N. 1 „ i | 


Star's zen. diſt, 67 42 10 | 


Star's polar diſt. 73 56 56 - 8. g'9827g- 
Co- lat. | 41 4 © S. 9-852 


Diff. 42 52 56 — 19˙80026 


Half fom 60 17 % FC. 9.88610 
Half diff.. 17 24 37 . S. 9'47598 


Star's half morid. dll. 37 
Star's merid. diſt. +4 


Star's R. . 4 23 20 
Sun's R. A. PS | 


Add, becauſe W. 2 48 26 
© Apparent time 7 45 36 P.M. 


Error of approx. time, g/ 24˙ too forward, | A 


To find the Apparent Time, and Error of the Watch, the Ship peing 
1 At Sea, 1800, Sept. ag at noon, Latitude by obſervation, 43 12! V. Nor 
=— Longitudeby account, 18“ 20 V. In the afternoon, the mean of ſeveral racy, t 
= - altitudes of the Sun's lower limb, was 22* 51“, and the mean of the times of oontat̃t 
| 7 obſerv. g 45! ; the height of the eye being x2 feet. The courſe ſince noon the lat it 
was V. E. by E. 6 knots per hour, and variation 24 points weſterl y. J rn 


TREE Pigs 1». 3 
Alt. Sun' 1. 1 51 O Sun's Jeclin, at noon at "Gr. S. o g1 1 
Dip and refralt. — 3 32 Long. 184 IF, - 1 18 
Parallax; -:: "+. 35 45/P. M. 5 440 
Semidiam. + 16 1 ——— 
| Reduced declin. F 
Corr. u, Sancta 1 * OR PH — 

OY | 1 5 8 
Sun's zen. aft. . 66 8 295 
Sun 's polar ain. 90 ͤ 56 13 | 2 999941 
Co-lat. 1 40 a „„ — 862708 4 
. 8 44 8 19 — 19 8626507 
3 11 ag =_ . 5. ͤ — — 
Halt ſum 55.33 8 3. 99162799 
Half diff. 11 25 5 . 9˙ 296590 


: * = 


5 0 3: 


Dit. run, 23; true courſe V. E. 4 N. 1 diff. lat. 15, and 7 | 
197” ; therefore, Ship's lat. at mean time of obſerv. is 43* go! N. and 
Mercator, 18'5 : 137 22 (diff. merid. pts.) 24 18, hows = ET” 

Ship' s long. at mean time obſerv. 48 2 . 


+ 992128709 - 
28 14 43 H. D. S. 96751101 


A p. time at Ship 1 4 46 4 | 
* Per Watch i 2 4 5 0 | : 
ö 335 ſeconds Wehe too Bike = 
£ Og OE rare _ 1 ' PROBLEM 43 


Norz—To obtain the apparent time by the method here given with the greateſt certainty of accu 

racy, the altitude ſhould: be taken when by the object changes 4 altitude the quickeſt ; that 2 when it 

is in or near the e prime vertical; or, if ſituated wore the circle of Per rpetual apparition, when it is in 
with an azimuth circle ; as then, an error in the ſuppoſed latitude is of little conſequence. If 


the latitude and declination be of contrary names, the meridian diſtance ſhould not be leſs. than 25 or 1 
go degrees at the time of obſervation, nor the altitude under 3 degrees. And the leſs the 2 1 _ 
ee and the greater the — the leſs wil be _ error rag apparent time. In ee the 5 A 
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PROBLEM II. 


To find ihe Latitude at Sea by" two. observed altitudes of the Sun's 
lower limb, having given the times of observation by the Watch, 
well regulated o apparent time. „ V 


3 — 


* 
"27% 
«7 


„n 


. Find the correR altitudes of the Sun's centre, by ſubtracting che dip and 


# 


refrattion, and adding the parallax and ſemidiameter. 


el GS 0 of 


* 


_  tefs correct altitudes. 


Sun's merid. diſt. at the greater altitude and the Radius. 


g. From this ſum take the log. of the difference of the nat. coſines of the 
Sun's meridian diſtances at the two obſerved altitudes. © | 


þ the nat. coſine of the-Sun's greater altitude, the ſum will be the nat. fine of 
the Sun's meridian altitude. From whence the latitude is determined, as 


D uſual, by the Sun's declination. 
=» rh hel | METHOD 
1 Attitudes of the Sun for this purpoſe are beſt taken in the morning, or evening, when they are not 
—_ more than 18 or 20 degrees, nor lefs than five degrees. 82 F 1 
=. This method of determining the apparent time appears to be the moſt convenient of any for finding 
the error of a watch at ſea, by equal altitudes is certainly the moſt accurate for a practical aſtro- 
nomer on land, where the obſerver is ſtationary ; but at ſea, when aShip is under way, it is found to 
7 be much too troubleſome, and liable to great uncertainty. In either fituation it cannot be performed 
. by ſolar obſervations with accuracy, without the correction of equal altitudes. The common methoc 


taking halfthe ſum of the times of equal obſerved altitudes for the noon, per watch, is evidently 
m—_— | erroneous ; and that of adding to, or ſubtrafting from, the ſecond altitude, the increaſe or decreaſe o 
4 1 23 declination during the interval of obſervations, is by no means accurate, as this equation or correction 


muſt be variable, according to the latitude of the place, as well as tothe interval of time, and the 
daily difference of declination. A table of equation of equal altitudes is conſtructed for this purpoſe. 
Mr. Mex v on the longitude is well worth conſulting on this * and no Navigator, who wiſhes 
to be miſter of his art, ought to be without this book, and Mr. 


finding the Longitude at Sea by a Time- Keeper. 


VaLzs's Treatiſe on the Method of 


1. Find the log. of the difference of the nat. ſines of the Sun's greater and 


2. To which add the log. of the difference between the nat. coſine of the 


4. The remainder is the log. of a natural number, which being added to 
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oy wo observed Altitudes of the Sun, hav- „ : 


times of observation groen... nn 


N | i 40 59 ] To find the — 
| 50 7 42 go Sun's mer. alt. 


an ; 
50 22 42 go J the Latitude. 


Sun's L. alt. 17 13 1 N. S. 29699. . 
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-- _ Sun's merid. dist. C 
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Sun merid. dist. L. A. 22 42. go: N. C. 92342 656715 | 1 
to Sun's mer. diſt. G. 4. 7 4 g9 NV. C. 9909 . 18 
. z waeae898c , | 0 
> 1 SY: | 9 3 2 . ; 5 . | x TER f Tx. | r 5 . N | : * 
| „ , ny i Ins = 
| My u 69 ::: "NF 6. aa00s | 0 | 1 
not ..- Sun's merid. 20 1. N. getter 3, | : pl 
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«Fs > 


i } Sun's declin. 
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I! lll 
Being at ſea, the alt» of the Sun's L. L. taken at 11 29! A. M. was age” = 
187; and at 25 59 P. M. the alt. was found to be 16%:40 ; the height of the _— 
eye being 20 feet, and the Sun's declination 187 47“ N. Required the lati-o— & | 
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PROBLEM III. 


75 find the Frue Latitude, having the Lalitude and n by 
D. R. one observation 0 J the Sun, with the. approximate time, or 
tbe time per Watch, well regulated by previous observation. 


PREPARATION. | 
Correct the Sun's altitude for dip, refrattion, parallax, and ſemidiam. 
and reduce the Sun' s declin, to the time and place of obſervation, 


. PRECEPTS. 

1. Find the log. of the ifference of the nat, coſines of the Sun's merid. 
diſtance at the time of obſervation, and the nat. radius. 

2. To which add the log. cofines of the Sun's declin. and the latitude by 
account, ſubtracting 20 from the index of the ſum. 

3. To the nat. number of this remainder, add the nat. ſine of the Sun's 
correct altitude; the ſum is the nat. ſine of the Sun's meridian altitude. 
Hence the latitude 3 is found, as uſual, from the Sun's declination. 


METHOD 
07 finding the True Latitude, having the Latitude and . by 
D. K. and one observation of the Sun, with the abt time. 


8 
Sun's corr. central alt. | 21 55 7 
CIVENd Approx. time of obſerv. P. M. 661 10 14 2 go {To find the 
N\ Lat. D. R. VN. 47 34 o f true Latitude. 
1 Sun's red. declin.to long. 2 T. S. 19 30 © 
Sun's merid. diſt. by 5 zo N. EC: 97012 
of OR ani | NM. R. 100000 ä 
3 Diff. 2988 9˙47538 
Sun's declin. 19 30 © Cos. 9197435 
= % Cos. 9'82913 
| „ V. N. 19001! 327886 
Sun's alt. 21 55 N. S. 37326 . 
Sun's merid. alt. 29 6 G N. S. 39227 
* Sun's declin. S. 19 30 0 ä 
True Latitude N. 47 24 99 N“ E. ies | EXAMPLE. 


. If great exactneſs be met, the Sun's declination wk be at ths true time of obſerva- 
tion: this, however, in moſt caſes, will be found to be very inconſiderable i in the reſult, But it is 
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EXAMPLE I. 


Being at ſea, 1800, Jul 20, in latitude V. 39%:28/. D. M Sun's gdeclin. 


: -20* 417 V. at g6! 28% P. approximate time, the Sun's alt. L. L. was 


70 58! go". Required the latitude of the Ship, the height of the eye being 


18 feet. N - | 
PREPARATION. 


'Sun's alt, 1 
Dip 


0 15 47 | N. A. III. 


7 


Corr. alt. Sun's centre 


1 N. Go 99960 ; 
N. R. 100000 


Dif. 


20.41 0 
39 28 0 


; rt 12„* 
| Sun's merid. diſt. 37 30 


8. 997107 
Cos. 988761 


1 46074 


: 5 40 
; Sun's declin. A. . 
Latitude 


71 1% 
1 13, 0 
20 41 O 


Sun's alt. 


39 28 © 


EXAMPLE 


particularly to be noted, that in this method of finding the latitude, it is much better to have the 
watch previously adjuſted to apparent time (vide Prob. I. and remark) and then the nearer the obſerva- 
tion is made to noon the better; it ſhould not exceed an hour. The natural fines in the computation 


ſhould alſo be taken to 6 places of figure. 
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EXAMPLE II. = 
At ſea, 1800. dagen 20, in lat. 30 40 N. by D. R. the Sun's declin. 
being 200 S. at 11* 17 4, M. approx. time, the Sun's correct central altitude 
was 19* 41. Required the true latitude of the Ship. | 


By Prob. I. the true time is 115 26“ . M. and merid. diſtance 8*. 


Ami 


8 828 
n rr Bb 8 
2 Le, ESO pt oe apr 


- —— 
* I 2 


98 
Sun's corr. alt. | "BE 19 41 
True time of obſerv. from noon, A. M. ga 8 o 
Lat. D. R. 'N. 50 40 
Sun's declin. A. T. S. 20 0 


" dy 


GIVEN: the 


Latitude, . 


2 


-0009% 


- 


1 


5 @. tir 5 
Sun's merid diſt; 8& 0 & N. C. 9907 
1 Yo 1 N. R. 100000 


2» 


* Diff. 973 298811 
Sun's decline. A. T. 20 0 Ot 4, Cos. gya 
Latitude 50 40 0+ » Cos. - 97 

> F a _—_ - L 
Sun's alt. 19 4100 V. S. 3368 1 FP 


Sun's merid. alt. 20 2 0: W. S. 34362 
Declin. | S. 0 GO | 


Lat. of Ship. N. 49 58 © 


EXAMPLE III. 


1800, Auguft 8; at Briſtol, lat. N. 51 gol, long. W. 2* 3, by account, 
took the mean of three altitudes of the Sun's L. L. 52% 48' 38» by the artifi. 
cial horizon, allowing for the index- error, &c. of the quadrant ; the mean 
time of obſervation being 49' 40% per watch, previouſly adjuſted to apparent 
time by the tranſit inſtrument, Required the true Latitude, | 
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0 O 


Reduced declin. 15 52 35 
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Corr, alt. Sun's 8 | | 


* 
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Sun's merid. diſt, - N. C. 976610 
N. R. 1000000» 
bo tos 4 Diff 23990 4 0˙ 
Sun's declin. T. T. | | p Mug 2 29090 
Lat. Cos. 9794150 
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PROBLEM IV. 


gitude by D. R. two observed altitudes of the Sun, and the interval 
of lime between the observalions. 65 4 | CUP 


PREPARATION: 


Find the corre& altitudes of the Sun's centre at both obſervations, and the” 
declination for the place and the time of the greateſt altitude. 


| To find the True Latitude at Sea, having given the Latitude and Lon- 


*. 


ile Ship be under way. Reba Be 
Find the angle between the Ship's courſe and the Sun's bearing at the time 


of oblerving the leaſt altitude, with which, as a courſe and the diſtance made 


good (between the obſervations) enter a Traverſe-table, and the di. of: lat. 


will be the correction of the leaſt altitude. If the leaſt altitude be taken A. 


M. the correction will be added or ſubtratted according as the angle between 


the Ship's courſe and the Sun's bearing be more or leſs than 8 points: And 
the contrary muſt be obſerved, if the leaſt altitude be P. M. The diff. of 
| long. in time is in general too inconfiderable-to be taken into the account. 


-PRECEPTS) © : #6 hon mg 
1. Add together the log. ſecants of the lat; and declin. rejetting 20 from 


the index, the ſum is the log. ratio. 


2. To this add the log. of the diff. of the NM. S. of the two altitudes, and : 
— of half the elapsed time, XVI. R. T. 1 

g. Find this ſum in the column midd. time, XVI. R. T. the diff; between 
the correſponding time in the table and half the given interval, will be the 
time from noon when the greateſt altitude was taken. 

4. Take the log. to this time from column Rising, «from which ſubtract 
the log. ratio (1.) the remainder is the lo arithm of a natural number, which 
being added to the nat. fine of the greateſt altitude, gives the Sun's meridian - 
altitude; from whence and the Sun's declin. the latitude is found as before. 


| correſponding to the time when-the greateſt altitude was taken. 


REMARKS.” | 
This method of determining the latitude is to be uſed under certain re- 
ſtrictions. 1. The obſervations are beſt taken between _ past nine A. M. 
and half past two P. M. 2. If both obſervations be A. M. or both P. M. 
| „ the 
 -* The logarithm of the natural verſed ſine of the meridian diſtance in de kress. 


— 


observations. 


| Int. of time 
"In Lat, D. R. 
s Sun's declin. 


Sun's E. A. 
Sun's L. 4. 


Half elapſed time 


Sun's E. A. 


Sun's mexid. alt. 
- Sun's declin. S. 


True Latitude 


Sun's red. declin. at C. A. 


3 
34 
19 30 


BY 


21 55 7 
17 39 59 


10 29 0 XVI. N. T. 
0 4 10 XVI. R. T. Mid. time 


Time from noon. C. A; o 56 10 XVI. R. T. Log. riſin 
* 28 ap 


2155. 7 
23. 6 o_ 
19 30 © 


. 


42 36 0 


N. 47 24 0 


COT 


the interval of time muſt not be leſs than the Sun's merid. diſt, at the G. alti- 
tude. 3. If one obſervation be A. M. and the other P. M. the interval ſhould 
not exceed three hours and a half. And in all caſes, the nearer the G. alti- 
tude is to noon, the better. Theſe remarks equally apply to Prob. II, Vide 
the Britiſh Mariner's Guide, and the Req. Tables. ; 


METHOD 
Of finding the Latitude by T'wo Solar Altitudes, having given the la- 
titude and longitude by D. R. and the interval of time between the 


. 


21 55 7 


17 39 69 
S. 19 go © 
2 58! 400 ; 


: Sec. 01708 


N. 47 34 ®) 


hy 


To find the 
true Lati- 


tude. 


Sec. 10˙0 56 


| F<, ratio 
NV. S. 37 306 
N. . g0g48 


— 


6978 


N. V. 1902 
N. S. 37326 


N. S. 392 
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watch, the altitude of the Sun's lower limb was 2832 
M. it was 19% 25', the height of the eye being 12 feet, 
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Lat. in N. 51 30 
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EXAMPLE I. 


PR EPA RATION. 


Firſt alt. | 28 95 
— 0 5 


+ o 16 


Semidiam. 


_ True alt, Sun's centre 28 43 


| GIVEN { Sun's I. 4. 


Sun's red. declin. at G. 4 


Interv. of time 
| 5 


n 
Lat. D. R. 31 1 © 
Sun's declin. „ © 


Sun's G. A. 28 43 0 
Sun's I. A. „ 086+. © 


Time from noon, G. 4.0 o 35 3 


| Bus G. 4. 28ů 41 


Sun's M. 4. „ 29 uf 
Sun's declin. „ 


38 go 


——————— 


Second alt, 


ratio 


898 
N. 51 15 
28 43 
19 35 
S. 9.17 


2 gf 


Sec. 1 


S. — 48048 


NV. N. 
N. S. 


N. &. 


— 


N. S. — 33518 


14530 


74 
4804 


48797 


In latitude 51* 15' V. D. R. at o got P. M. pet 
and at 2 41/ P. 
Required the true 


The Sun's reduced declin. _ 17, at o g2! CN. A.) is e 467 585 


19 43 
— 0 6 


+ o 16 
19 35 


To find the 
true Lati- 


tude. 


10*20348 
Sec. 10. 007g 
0'20921 


Log. riſing g · 8966 
Log. ratio — 0 001 


#87439 


416227 | 
| 0.55637 
Mid. time 492785 


) 


As the lat. here differs conſiderably from the dead reckoning, the wofk 1 14 
may be eaſily repeated thus: oP | TEES ogg 1 


6 


| OQ: =P | ; ; ; Lf 5 
Lat. computed 31 go | Sec. 10:20585 
Dec in. | 9 17 | 7 Sec. 10.0067 
5 Log. ratio 21158 
Diff of N. S. 14590 416227 
Half elap. time 1 4“ 30% 5 | "© 55037 
ke} 5 1 40 50 2H | Mid. time 493022 
Time from N., G. A. 0 36 20 Log. riſing 30980 5 
. : Log. ratio 0'21158 
13 ö 1 N. N. 770 3.88672 
Sun's G. A. 28 43 © N. S. 48048 | | 
| Sun's M. 4. 29 19 0 VP. S. 48818 
: Sun's declin. S. 9 17 © | I 
| 38 30 20 | 5 5 oY 
True Latitude V. 51 29 40 | 
% 
1800, September 14. At ſea, in latitude N. 38 120, en e 5640 
W. D. R. at gu 28! A. M. approximate time, the alt. of the Sun's lower limb , 
was 40 427, and bearing per compaſs S. E. 4 S. And at 11* 16! A. M. the Ti 
alt. was 5g? 117. The Ship's courſe during the interval was Vr at the 
rate of 9 knots per hour, and the height of the eye 12 feet. Required the 
43 true latitude of the Ship at the time of the greateſt altitude. 75 . 
og EE PREPARATION: © f 
1 52225 a | : „ ; 
Sun's bearing at 1ſt. obſ. 74 P. Sun's declin. at noon, N. A. 3 25 21 | 
Ship's courſe 44 Long. 36 15 VW. — 0 2 21 
| 2 — 117 MM. + © 11 o i 
Contained angle 04 * 21 | | = 3 
8 Supplem. _ 4 Reduced declin. MN. 3 34 o Re 
| To courſe 44 points and diſt. 16”, the diff. of latitude is 11" nearly. latitu 


bd 
PE | 


n 


w 1 Io 


1ſt. obſ. alt. 5 4⁰ 42 


ad obſ. alt. 69 11 


Di and re fr. — 0 — 0 
23 ſemid. + O 1 — © * 
Reduki. of alt. — O 11 | 
_ Corr. alt, 53 23 
Reduced alt. 40 43 : — 
, 
| 89898 
Lat. D. A X. 38 12 
rn 63 93 To find the true 
GIVEN Sun's L. A. 45 49. 
: _ | Sun's red. declin. at G. A. N. = 3 12 
Interv. of time 
| 7 
Tat; DM: | 38 12 Sec. 1010466 
Sun's declin. C. 4. 3 34 Sec. 1000084 
4 Sun's G. A. 53 23 N. S. 80264 
* T. A. | 1 5 40 43 [ N. S. 65232 
| 15032 4*17702 
Half elapſed time o 54 063181 


137 


Time from noon G. 4.0 43 


Sun's G. 4. 33 2g 


Sun's M. A. 654 431 


Sun's declin- MN. g 34 


LE”. 51 9 30 
X. 98 50 go 


1 e of 


D 


Mid. time 4 92 433 


L riſing 3˙24437 
g. ratio o 10550 


N. V. 1376 3 19887 
N. S. 80384 : 9 7 


N. S. 81640 


en operation with this Iatitude, the reſult is 387 481 V., the true 
Og whea the greater altitude of the Sun was taken. 
PROBLEM 


(9) 
PROBLEM V. 


To find the Longitude at Sea by two equal altitudes of the Sun observed 
the same day, and the interval of tine between the observatzons, 


PRECEPTS. . 


1. The neceſſary corrections being made, add the cos. of half the interval 
in degrees to the cotang. of the declination, the ſum will be the cotang. of 
arc rst. | 

4 Add the fines of the alt. and of arc irt, to the coſec. of the declin. the 
ſum will be the cos. of arc second. bs Be 3 | 

g. When the declin, and lat. are of the ſame name, the ſum of arcs firſt 
and ſecond will be the latitude ; but if of.contrary names, their diff, will be 
the latitude, _ | | | 15 


EXAMPLE. 


At ſea, 1800, March 7, at 14 10!, and at 12* 40 / per watch; the obſer. 
ved alt. of the Sun's L. L. was the ſame; which being corrected, was 26* 
55', and the Sun's declin. 3 17' S. Required the latitude. 


| 4% poet. IR 26 5's, 968585 
Are firſt : n 5 23 Cot. ro2ggg 8. 897229 9 
Arc ſecond 62 g2 Cos. 9695 
Latitude 35 57 9 N. | 
| A NEW 


Nor. If the Ship makes any conſiderable way between the obſervations, the change of altitude 
muſt be eſtimated, and the index of the quadrant adjuſted accordingly. The obſerved interval is alſo 
ito be corrected by the change of the Ship's longitude, as in the i Problem. If extreme accu- 
. racy. be required, the half interval. alſo be corrected by the equation of equal altitudes, 
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CHEM. 


A NEW. AND.CONCISE- 


by 


METHOD 


» 
jo 
OF- 


# 


FINDING. THE LONGITUDE AT SEA, 


_- BY. THE+. | 


LUNAR- OBSERVATIONS:. | 


3 


PREPARATION... 


1. Multi ly. the Ship's longitude D. N. by 4: and if V. add the product 
to, but if E. ſubtract it from, the approx. time at the Ship, and the reſult: 
will be the time at the meridian of Greenwich nearly, 


2. To this. time find the moon's ſemidiam. and horizontal parallax, p. 
VIII. N. A. alſo the Sun's ſemidiam. for the given day, p. III. N. A. and: 
augment the Moon's ſemidiam. by the Seconds in IV. R. T. correſponding, 
to her obſerved altitude: And to the obſerved diſtance add the correct ſemi- 


diameters. 


g. Correct the obſerved altitudes by ſubtracting the dip of the horizon, 
according to the height of the obſerver's eye, and adding the ſemidiameters; 
and the apparent distance and altitudes of the centres of the Sun and Moon 

will be obtained. : 

25 4 | <= e 558 2 28 


EY 


” 


To find the True Distance of the Centres of the Sun and Moon. 


Take out the correction of the Moon's alt. VIII. R. T. to which add the 
difference between the refraction and parallax of the Sun in altitude, I. III. 
R. T. Then, add this ſum to, or ſubtract it from, the difference of the 
apparent altitudes of the centres, according as the Sun is lower or higher 
than the Moon, and it will give the difference of the true altitudes. 


* 


If the observed dutance be less than go degrees, 


From the nat. coſine of the difference of the true altitudes, ſubtract 
the natural number correſponding to the ſum of the logarithms of the 
diff. of the nat. coſines of the apparent altitudes, and the apparent diſtance 


of the centres, and the logarithm anſwering to the Moon's appar. alt. and 


horiz. parallax, IX. R. T. the remainder will be the nat. cofine of the true 
diſtance. | 8 We | 


1f the observed distunce he more thun go degrees, | 


Add together the coſine-ſupp. of the obſerved diſtance and the coſine of 
the diff, of the apparent altitudes; and to the log. of this ſum, add the log. 


_ anſwering to the Moon's app. alt. and hori z. parallax, IX. R. T. Then, 


from the nat. numb. correſponding to the ſum of theſe logarithms, ſubtract 
the nat. coſine of the difference of the true altitudes, and the remainder will 
be the nat. coſine- ſupp. of the true diſtance. Or, proceeding as in the former 


caſe add the N. C. of the apparent diſtance (the coſine of the ſupp. bein 


negative), and the rende between the NV. N. and the V. C. of the diff. of 
true altitudes, will give the ſame reſult. C 


METHOD, 


} 


(29) 


METHOD, in Cate 1. * 


The app. diflance between the centres 


RT ne, of the Sun and Moon 


GIVEN Thie app: alk. of the Sun's centre 


The app, alt. of the Moon's centre 


The Moon's horiz. parallax 


Required the true diſtance. 
Correct. Moon's alt. (48% 22!) VIIL R. 1 


Pur: III. R. T. 


Corr. Sun' $ alt. Refr. I. . 


piff. app. altitudes (Sun lower) 


Diff. true altitudes 

| | | 498 2 ex 2 
Diff. T. A. at 19 6 N. C. 99158 
Diff. A. A. 20 39 © V. C 9623 
App. Diſt. 81 39 38 . 2 5 
: i \ yer 
e app. all, and hor. par. IX. R. T. 
| N. N. 77644 
True diſtance 81* 4' 31% N. C. 15544 


© 


fe „ 4. -£&y 


fs ce * „ i Ss 


- 


® See theme Smale in Mackay on the 3 p- 113. 
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METHOD, in Case 2.* 


oO 7 „1 


See this Example in Kelly on the Longitude, p. 208. 


ü e alt. 4 22 15 © R P 1 | 
| un's app. alt. 21 35 © equire the true 
GIVEN PP» diſt. 119 20 g4 diſtance. 
Moon's hor. par, 1:15 0:88. 40 | 
Corr. Moon's urs | o 51 22 
Sun's alt. par. — o o 8 
Corr. Ke | + 0 2 24 
.: 10/63 38 
Dit. app. altitudes (Sun lower) + 0 40 0 
Diff, true altitudes | 1 33 38 
K 7 * oh 
Supp. app. dit. 60 39 26 N. C. 490038 
app. alt. o 49 © N. C. 9999332 
. Sum 1489970 | 6 1 31 | 
Moon' s app. alt. and bor. par. IX. R. 1. ; bois 
| OT N. V. 148111 £7 bo 0586 
Diff. true alt. N. C. 599630 | 4 . 
True din. 118⸗ 46 56 | VN. C. . 481485 
—— — — 
Or thus : 
| „% ; 
Diff. T. A. 1 33 38 WV. C. 999630 
Diff. A. A. 040 © AN.C, 999932 
App. diſt. 119 20 34 N. C. 490038 
Ve Sum 148 o 61 1 
| Moon's app. alt. and hor. par. 125 ne 
N. N. 1481115 6. 170586. 
True diſt. 118 46! 56+ N. C. Supp. 481485 Having 


Wa 


ca) 
Having the True Distance of the centres of the Sun and Moon, or of 
the Moonand a Star, to find the corresponding time at the Royal 
Observatory, Greenwich. © e 


Look for the diſtance in either of the pages VIII, IX, X, XI, of the 
Month N. A. oppoſite the given day; 2 if it be found there, the time is 
ſeen at the top of the page. But as this ſeldom happens, find the two neareſt 
diſtances, one greater and the other leſs than the given diſtance, and take the 
difference: Take alſo the difference between the given and preceding diſ- 
ances. SubtraCt the prop. log. of the former from that of the latter, and the 
remainder will be the prop. log. of the exceſs of time above that correſponding 
to the preceding diſtance. | N | 


EXAMPLE. 


1800, July 15, the true diſtance between the centres of the Sun and Moon 
was 67 10' 20%. Required the apparent time at Greenwich. 


| "LE EL TT. 

Given diſt. 67: 10-20: RE: 7 

Diſt. at VI“ 68 1 13 Diff. o 50 5 P. L. $687 

Diſt. at IX. . 66 39 45 Diff. 1 2128 P. L. 3443 
. 1 52 26 P. L. 2044 


Preceding tine 6 o 


App · time at Greenwich 7 52 26 P. M. 


4A 32 } 


Laſtly, compute the app. time at the Ship, with the 'Sun's .corr. alt. 
reduced declin. to the time at Greenwich, and the latitude ; the difference 
between this and thetime at Greenwich, will give the Longitude of the Ship 
in time. If the watch be e adjuſted to r time, and its rate known, 
this 1 is unneceſſary. ES 


EXAMPLE I, 
up H. 2 8 4 
True time at 5 36 O P. M. 
Ship's long. D. R K. 23 FE. 1796, May 31. 
GIVEN Moon's obl. alt. '# I. 23 48 13 To find the 
J Sun's obſ. alt. L. E 31 48 15 True Longitude. 
App. diſt. ___ L.'s 68 10 24 | 0 
1 | + # 
Ship's long. ” o © Moon's hor. par. © 58 10 
| | AG 
Moon's ſemid. 0 15 51 
In time E. — #* go! 2 Augm. > % 
Time at Ship + 5 36 36. Alt. L. 4. 23 48 13 


43 oP. 0 4 3 
| Tine at Gr. nearly 4 2 P. A. 
128 alt. Moon's cent. 24 © 10 


— 


— 
bl. ait. 3; 10 bs Sun's id + 0 is 49 
n's ſemid. o 15 49 Dip o 3 
— btnmny ſem, 4 9 its 58 Alt. "8 L. + 31 48 15 
App. dift. centres 5 42 11 App. alt, Sun's cent, 91 
Corr. Moon's alt. 5 
With app. alt. cent. a oh in 
1 * ' 
And hor. par, © 58 2 + O 51 1 
3 Corr, Sun's alt. | | 
* With app, alt. cent. 32 0 1 Par, — o o 8 


Refr. 1 11 


Sun' 5 alt. greater — 0 52 8 


Sun's 


99 


Ex wu 
| Sun's app. alt. g2 0 1 
Moon's app. alt. 24 10 


＋ 7 39 51 
1 


Diff. of app. alts. 


Dif. of due alta. 5 | 
Diff. of true altitudes „ N, C. 99298 


Diff. a . alts. | 59 51 N. C. oo 
App. i centres ii 3 


ke. 4 . 

FM 9 OR FR A ET, x 3 1 7 = 

: — 8 R 8 8 * 3 

— _ wann — 

: | n wee | * 
r ad tos 1 5 = — 5 * L 1 7 * 1 * "I" . 
- P 2 * — , * ; a 3 

T an < A S Ek ol 
I _ ts 8 I 


TE | | Di. 62 : . 2 | _ 
Moon's app. alt. and hor, par. IX. R. T. os | = | Fg 


155 V 
True dist. of the centres 68 19 50 N. c. 36925 Diff. 
| | | e uw. 


F 


ien ig! 868 1 % ů.wͥi | 
Diſt. at JIN” 68 5#44 Diff. o 37 54 P. I. 6766 
Diſt. at VE. 67 23 15. Diff. 1 34 29 P. Z. 2799 

| — 112 P.. 3967 


Preceding time 3 


App. time at Greenwich 4 12 12 P. M. 


Time av Ship, $5.36 - 0 


5 4) 1 23 48 
True long. of the Ship 20 57! E. of Greenwich. 


| | 8 EXAMPLE 

Nor R As the reſult in this Example does not entirely agree with that in H. Moore's Practical 

Navigator, p- 244, it may not be improper to remark here, that in computing the true diſtance with 
logarithms to 4 places of figures ouly (beſides the index), the reſult may err ſome minutes from the 

truth ; but with 5 places of figures, we may always depend on the anſwer within a few ſeconds ; 
particularly if the obſerved diſtance be not leſs than 6 If greater accuracy be required, 6 or 9 - 

places of figures in the logatithms will be found requiſite. | | 

When the diſtance is put down to 5econds,-and the common log. tables are uſed, the ſeconds may 
be omitted till the operation be finiſhed, which may then be added to the computed; diſtance, This 


will ſhorten the work conſiderably. 


Ship's Jong. 7, 0g: 


Sun's ſemidiam. + o 15 51 
Moon'saug. ſem.- 


App. diſt. centres 41 59 57 


(34) 
EXAMPLE II. 


4 


18 30 


Augm. 
Alt. L. I. 
A 


In time E. 


Time at Ship 


Time at Gr. nearly 7 go P. M. 


/ 
/ 


Sun's ſemid, 
Alt. 4: 
0 15 6 Dig 


— 


1 


Obſerved diſt, 41 29 o 


— — 


„„ | 
Corr. Sun's alt. * Reta 


[Re 5 | - v 
Corr. of Moon'salt. (to.42* 1148, and par. 54/47") + o 39 33 
5 | a O 5 

9 3 


Sun's alt. leaſt. 
Oo 1 mn 
14 32 33 


Sun's app - alt. 


Moons pp „alt. 


Moon's hor. par. 


| Moon's ſemid. | 


1800, May 19. At ſea, lat. N. 34 53/, long. E. 165 D. R. at 6" go / 
A. M. approx. time; the alt. of the Sun's lower limb was 14* 20%, and of the 
Moon's lower limb 42* ; and the diſtance between the neareſt limbs 41* 29/, 
the height of the eye being 12 feet. Required the true longitude. 


@. * -< 
9 54 47 
0 14 56 
o © 10 
42 © o 
o 3 18 


App. alt. M. 's cent. 42 11 48 


1 


—— —— 


O 15 51 
14 20 0 


— .0 3 18 


App. alt. Sun's cent. 


+ 


14 32 33 
—— 


Preceding time 6 | 
7 27 46 P. M. 


| 


Appar. time at Greenwich 


| my 


| 3 | | | | | a + » 
Diff. app. alts. ＋ 27 39 15 
Diff. true altitude. | * 26 — 23. 
1 : CRIES 
| 8 N ' 
Diff. true alts. 28 22 23 MC. 879872 - 
Diff. app#alts, 27 39 is N. C. 8855765 
Appar. diſt. 42 © © VN. C. 743145 
3 . Diff. 142620 5154180 
Moon's alt. and hor. par, IX. R. T. 9*995540 
MAC as 141163 5*149720 
True diſtance 42 22 42 N. C. 738709 Diff. | 
To find the true time at Greenwich. 
; þ . To „ 
Given diſt. 42 29 42 | | 
Diſt, at VI. N. A. 43 3 14 Diff. o 40 92 P. I. 6474 
Diſt. at IX. 41 40 6 Diff. 1 29 8 P. Z. 3355 
Euceſa 1 2 46 P. 3119 


a IS „. ' 
* — — has * 
n _ — — — — * n n 
" . v ne Ws 5 
8 a * 


( 30 ) 
To find the corre& time at Slup. 


The Sun's declin. to the app. time at Greenwich, N. A. is 19 go' gs. 


| Sun'dapp- Sl. . 22 
un's app. alt. 14 32 
| "Refraft, as 
Par. + © o 8 
Sun's alt. corr. 14 29 3 
| 90 | 
Sun's zen. dift. 75 31 © 
Polar diſt. 70 9 22 
Co-lat. $5 7. © 
-— JI. 15 $ 22 
_ Half ſum 45 16 41 
Halt diff. 30 14 19 
Sun's half merid. diſt, 42 55 4 
True _ from noon 4 21' 59" 
7 : | 


SF. 99734601 
S. 99139824 


— 198874425 


C—— A II 
S. 98515824 
S. 9. o Lt 


+ 39˙5536735 
S. 9˙83 31155 


38 7 A. M. true time at Ship. 


Hence the true long. is 167 35 1 E. 


EXAMPLE 


Nor z. lt is neceſſary to obſerve, that in deducing the true time at the place of obſervation from 


the obſerved altitude of the Sun or Star, ſuch poſitions of them ſhould be choſen when they are not 


leſs than go or 25 deg. from the meridian, as a ſma!l error in the altitude of an object near the meri- 
.dian, may produce a conſiderable error in the apparent time. (See note, p. 18.) 


EXAMPLE III. 


4 


Being in the Briſtol Channel, off Arlope Point, lat 31 271 V. long. 2* 


30' W. per Chart, 1800, April 26, at 8 50 / P. M. per watch, made the fol- 
iſt. of the Moon's neareſt limb from Pollux, 


| lowing obſervations, the 


43 19' 45”; the alt. of the Moon's lower limb 10* g/, and of the Star 42* 
23 /; the height of the eye being 10 feet. Required the true longitude. 


re ie" a * 85 r 
Ship's long. 0 2 30 Moon's hor. par. o 54 8 
. 7 5+ 5 | 
In time IV, ＋ 0 10 © Moon's ſemid. o 14 45 
Time at Ship 8 50 © Augm. 9 © 3 
| | — Alt. L. I. 10 33 © 
Time at Gr. nearly 9 o OP. M. Dip — 0 3 0 
Obſerved diſt. 43 19 45 App. alt. Moon's cent. 10 44 48 
Moon's aug. ſem. o 14 48 — 
1 > ; ———— Star's obſ. alt. 42 23 © 
App. diſt. of Moon's 1 Dip — © © 
the and Star 740 34 33 2 | 
| + — Star's app. alt. 42 20 © 
Corr. Moon's alt. ( 10* 447 48”, par 54“ 8) © 48 17 
Star's refratt. e 1 2 
Star's alt. C. — © 49 19 
| 1 
Star's app. alt. 42 20 0 
Moon's app. alt. 10 44 48 | 
Diff. app. alt. ＋ 31 33 12 
30 45 53 


Diff. true alts. | 


— 4 — 7 PC 4 W 8. er 9 1 4 
Lemm J'S + * : —_—_— > o 
. U F ” _—_ ” 4K, > 1 * * 
. * of hb 
W * * * cd y 
2 N 
— re — —— - 1&8 ue”, Ae * 2 
4 N | oy 


2 


2 Far 
2 4 — 
FPS ' . * N g N p 
N 0 : 

. he, . 
* . ̃ͤͤnl <4 
n 8 5 

— = Ts q E 0 


( 38 ) 


| EE N 
Diff. of true altitudes 30 45 53 N. C. 839275 
Diff. app. altss 32133 12 . C. 851849 


N. 
App: Rance of cent. 43 34 33 MN. C. 724463 
Diff. 127386 51105190. 


Moon's corr. 1. Mo 2 I | 999991 
1 . - N. 127070 5*104039 
True dift. | 42 55 42 W. C. 732205 Diff. 


To find the true time at Greenwich. 


5 0.9 vw 


Diſt. at X. 43 3 56 Diff. o 814 P. Z. 13397 
Diſt. at XII 41 35 23 Diff. 1 28 93 P. I. 3082 


Exceſs 0 16 44 P. L. ro0g16 
Preceding time 9 8 | 


App. time at Greenwich 9g 16 44 


0 


Error of the watch 14/ 12” too ſtow. Error of the chart in long. g8 eaſterly, 


Js 


* * 4 * 
7 * 


Stat's Corr. declin. 


Son's FF N. A. 20 1676, III. N. A. Star's alt.—refr. 42 18/681. 


rs. Who 


( 39 ) 


To ing the-true time at Pip. 


n 


dectio. 1780. VII. R. T. 28 20 24 
Var. ao _ 


— 0 9 88 


— — — 


MN. 28 29 46 Cor. R. A. 7 338 4 


5 
5 
bb uk 
1 f 
88 


8 
Star's zen. diſt. 47 41 2 
| ——polar _ 61 30 14 S. 9943914 
-Codlat.. 38 33 « 9794150: 
Diff. 22 67 14 = 19.798064 
H. fum 35 19 8 S. 9761999. 
H. diff. 12 21 54 S. 9330695 
| + 39092694 
S$tar's-merid. diſt, V. 56 48 26 S. 9 677315 
Or, in time — g* 47 13u LS 
Star's ſouthing 5 16 59 | Star's R. A. 
Sun's R. A. 
True time at Ship 9 4 12 P. M. A 
Time at Greenwich 9 16 44 Time of Star ſo. 5 16 59, 
Diff. af long. in time © 12 g2 


Hence 3˙ 8. V. is the true longitude of the place of obſervation. 


75 gat 4 
210 5 


| EXAMPLE | 


(40 ) 
EXAMPLE IV. 


took the mean of ſeveral obſeryations,—mean i time 6? 25/ 10” P. - Alt. 
Sun's lower limb, 13 56! 10% alt. Moon's lower: lib; 24* 31 4a; and 
the diſt. of the neareſt limbs, 112%. 42' 47”. The altitudes Gui taken by 
the artificial mercurial Dorian, and: the errors of the ſextants allowed for 
in each obſervation. 


f 


77 0 7 n 


3 
i Ship's long. 02.35 V. Moon's hor. par. @ 59 99 
— Moon's ſemid. & 16 15 
o 10 20 Augm, ＋ 0 0 7 
W + 6 25 10 Alt. 24 31 40 
Dip . o Oo © 


Time at Gr. nearly & 35 30 ö P. M. 
| | r App. alt. Moon's cent. 24 48 2 


Obſerved di ſt: 112 42 47 . Sun's ſemid. © 15 47 
Sun's ſem. + o 15 47- Alt. I. I. J 13 56 10 
Moon's aug, fem. + © 16 22 Dip oO © 0 


— D— — 


App. diſt. centres 11 44 56 App. alt. Sun's cent. 14 1167 


4 
nd ” 


Cotr, Moon'valt: 1X: R. T. 


+ o 32 as 
Corr. Sun's alt. | Par. 155 N — o 0 8 
Sun's alt. leaſt ＋ o 55 43 
8 Þ 3 _ 
un's app. alt. 14 11 
Moon's app. alt. 24 48 . 
Diff. app. alts, | 5 | | : 10 36 5 
Diff. true altitudes | 11 31 48 


At. Briſtol; lat. 51* 27. N. long. by account, 2 g „, 1800 july 4. 


+ ki 


(© 83 23 


1 0 7 ” , | 
Supp. app. diſt. 66 45 4 N. C. 394577 


Diff. app. alt. 7» + 36 5 N. C. 982931 


AT Sum 1377508 6139113 
Moon's corr. IX. R. T. | ; 9997018 


. N. N. 1368140 6˙136131 
Diff. true alt. 41 31 48 V. GC; 979820 „ | 


True diſt. 1129 51 N. C. Supp. 388320 Diff. 
. O 7 , O 7 nt | 
Given diſt, 112 51 0 | „ 
Diſt. at VP 112 31 22 Diff. o 19 8 P. I. 9623 
Diſt. at IX. 114 10 57 Diff. 1 99 335 P. L. 2571 
Exceſs o 35 29 P. L. 7052 


. Preceding time 6 © © 


H. M. 


8 


App. time at Greenwich 6 35 


Which differing only by 1 ſecond from the time inferred at Greenwich by 
the given longitude, ſhews the correttneſs of the watches (which had been 
previouſly adjuſted to apparent time, and the errors of rates allowed for in 
the intervals), and the accuracy of the obſervations. 


| This may be alſo eaſily aſcertained as before from the Sun's (mean) 
%% „ Th 
The Sun's corr. declin. is 23* 7! 21” N. A. 


The Sun's alt. corrected for parallax and refr. 14* 8' 25. 


S | Sun's 


'Sun's zen. diſt, 


FEY Polar diſt. 
Calat. | 


Diff. 


H. ſum 
H. diff. 


True time at Briſtol 
True time at Gr. 


Diff. of long. in time 


CSF 
n 


48 8 50 
8 


6" 251103 


6 35 29 


— : — 


S, 9963627 
S. 9*794626 


— 19750258 


C=_=x=—== 
S. g'897087 
S. 9'605318 


— — 


+ 39'502495 


S. 9·87 7 


o 10 183, or 2* 944! V. 


Hence the latitude and longitude of Fort-Royal, St. Michael's Hill, : 
(the place where the obſervations: were taken), in the City of Briſtol, may 
be put down with certainty to half a minute, | | ; 


10 Lat. W. 312“, long. V. of the Royal Obſervatory, 29 34. 


(43 ) 


A plain and concise PROJECTION for clearing the Lunar distances 
From the eas of PARALLAX and REFRACTION, performed 
y Two Lines only, on the common Navigation Rules, Sufficiently 


accurate for all the purposes of Navigation. 


PROJECTION.—Fig. 1. 


On a line HD and centre C, taken at pleaſure, with the radius of a line 
of chords (60), deſcribe a ſemicircle HZD, making CZ perpend. AD. 
Set off Zz the chord of the apparent. diſtance, and draw Cz, and 
perpend. thereto CE. Set off DIL, the chord of the Moon's app. alt. and EP. 
the chord of the Sun's (or Star's) altitude. Draw LM parallel to HD, and 
PS par. to CE. Then will MN, meaſured on the ſame line of chords, 
(calling every degree a minute) be the F1RsT correction of the app. diſtance, 
E ſubtractive when it falls on the ſame fide of CZ with [ the Sun or 


Star, but additive when it falls on the contrary ſide. . 


When MN is —, the extent of the compaſſes from 6g on the line of num- 
bers to the number expreſſing the minutes in MN, will reach from the num- 

ber expreſling the difference in minutes between the Moon's given hor. par. 

and the greatest par. (62 min.) to a fourth number, which is the parallactic 

correction of the-appar. diſtance. If MM be +, the compaſſes muſt be ex- 
tended from 54 to the minutes in MN, and this extent applied from the 
number expreſſing the difference between the given hor. parallax and the 
least parallax (54 min.) will 3 the correction. Or this correction may be 
immediately found by the ſlide, or by the pen. This ſecond corr. is always 
additive to the appar. diſtance. | | | 


When PS paſſes through M, M vaniſhes, and there is no ſenſible cor- - 
rection; which circumſtance evidently takes place when the coſine of the 
apparent diſtance is to fine of the Sun's (Star's) altitude, as rad. is to fine of 

the Moon's altitude: For in the triang. CMS, cos. ang. C: CS :: rad, : CM. 


7 3 GENERAL. 


(4) 


GENERAL REMARKS. 


1, When the obſerved diſtance is greater than the Sun's (Star's) co- alti- 
tude, the true diſtance is leſs than the apparent; except ſometimes when the 
Sun's alt. is under 10 degrees. But if the diſtance exceed go deg. the above 
holds good im general. | ny by | 

2. When the Moon is the lower body, the true diſtance is always leſs than 
the apparent; and the true diſtance can never exceed the apparent, but 
when the Moon is the higher body. | | 
g. The true diſtance, however, is not always greater than the apparent 
when the Moon is the higher body, as that takes place only when the ſine of 
the Moon's altitude has a greater proportion to that of the Sun's, than radius 
has to the cofine of the obferved diftance; which alſo muſt evidently become 
the converſe, when the diſtance exceeds go degrees. Theſe obſervations are 
all deducible from a due conſideration of the figure.  _ 


This conſtruttion may be 1 rendered more ſimple by drawing 
only the lines CZ, Cz, making the angle ZCz = the apparent diſtance, oy | 
taking CM, CS, the fines of the Moon's and Sun's (Star's) altitude reſpec- 
tively ; but it is wel! known that the fines cannot be taken off with that cor- 
rectneſs as the chords, unleſs when the altitudes are low; this method, there- 
fore, will not be found ſo convenient in general. The reaſon of this latter 
method is evident, for CS is the fine of EP, and CM the ſine of DL. Hence 
Mr. Kelly's conſtruction; which, in this refpe&t, appears to be eſſentially. 
the ſame with Mr. Mackay's.- : oY e, ts fn 


EXAMPLES: 


D 
EXAMPLES. 
EXAMPLE I. Fron. P. 29, Fig. 2. 
App. dit. . al of 


GIVEN Moon's alt. | 48.22 © 


Hor. par, | 0 58 45) 


Zz is the chors of* > 81 2g 38 0; 
To rad. CD: DL 0 48 22 0 ö „ LY 
MN, meaſured on the chords, is 20, which 1s ee — o 20 8 


And 63 (62—584) 31 :: 12 nearly. o 1g 
The true diſtance (leſs u the appar.) | 81 4 33 


Which agrees with the calculation within 2 ſeconds. 


— 


EXAMPLE II.— From p. 34, Fig. 3. 


* 


0 
ſ App. diſt. 42 
Sun's alt. 14 

: Moon's alt. * IM 
o 


Hor. par. 


Ax is nn 420 ©: . 
To rad. CD 42 11 48 1 


MN, meaſured on the 0 is 22%, which is 
And 34 (541—53) 14 :: 22: 4 very nearly 8 2 1 


The true diſtance (greater than the apparent) 1 2. 41 
— 


Agrecing extremly exact with che « conipmation 


Sun's alt. me 40-2 Reg. the true diſtance. 


x x 3 » 
: * 4 * * 
1 4 I. j AS 1 * 1 n 
n. n 4 . 7 2 a « * 64 
OT "+ 4 " * * * * 5 4 bY * — k # 1 * A 
— r * L , RO TON r WR, | RR n k * 
b, D * 1 n N *F > y * 3 R . Es + a 12 4 
: 3 , Y 1 8 1 \ 4 F 8 PT. 
e 1 * I * * — * 7 N * * 4 . . © A Jr * K. 5 Si 
e e Rs... Fs LT 1 „ ** * * 4 * l 7 ren N : 
= = 5 s k 
C — * 8 — — I *\ 
7 8 a rr = 7 


A oy rd ee nds, hes 


Req. the true diſtance. © 7 


EP 414 ga 3g App-dift, 4 59.57 


EXAMPLE 


— A "Fu 
a, 4 bi Al's Nn 
— 2 — 
— —— 44 4 1 


1 * 
e 8 
* 28 
ho N % 4 
—— eee 


OW 7 
f EXAMPLE III.— From p. 40, Fig. 4. 


5 G. „ ns 
Sov. me - 113 14 56 
un's alt, | 14 11 57 ; 5 
GIVENq N e 7 21 48 © Req. the true diſtance. 
Hor. par. © 59 39): | 
Zz is the chord 113 14 56 „ 
To rad. Dc 4 EP 1 $1 87 „ „ 
DL 24 48%: O. FRO dif. 118 14 56 
MN, meaſured on the chords, is 25, which is — 0 23 o. 
And 63: (62—g93) 25. 25.2 1 nearly + o 1 © 
The true diſtance (leſs than. the. apparent) | 112 50. 56 


Differing from the computation only four. ſeconds. . 


EXAMPLE IV.—From Mackar on the Long. p. 1 18, Fig. 5. 


. 


App. 4 re 68 35 40 n 
. 33 31 © 
GIVEN Moon's le: 30 3 = Req..the trae diſtance, 
Hor. par. 1 o 59 17 
Zz is the chord of 68 35, 40 Fo 
To rad. CD: DL O ay 1 
E 33 31 © Apps diſt, 68 * 40 
MV. W el on the chords, is 230, which is — o 23. 4 
And 63 : (62—g9}) 24 :: 23 1 nearly 3 
"The true diſtance (leſs than the appar.) De, 68 13 40 


nm v— 


PO only 5 Jeconds from the reſult * Mr. Mackay's method. 


EXA MPLE. 


. 


. . 1 
, i m 
mit, d Lo RR 

«cv obtain hb 


(4 5) 
EXAMPLE I the Reavrs1TB Mey P- 41, hed 6. 


; — ne. 9 
5 7 9 
4 — — the * 93 


| i" 
3 Moon's diſt from ww 8 41 
74 Moon's alt. 55 56 © 
GIVENI Star's alt. e en 


Moon's hor. Par. o 60 5 


| 1 is the chord dk | zo 8 PP 5 
DL 55 56 © G43 


Req. the true diſtance. 


To rad. DC 
EP - 19 18 o App. diſt. 50 8 41 
MN, on the chords, is 138. here oO 15 37 
And 54 : ,60-: —53* : :: 155 2 2 nearly 989 
The true diſtance (greater than the appar.) 50 26 21 


Differing from the Example in the R. T. only 8 ſeconds. 


EXAMPLE VI.—From the Rea. TABLES, p. 31, Fig. 7. 


' * 1 


I diſt. of centres 10g 29 a A 
EW Suns alt. 19 8 36: | . 7 
GIVEN: n 1 Req. the true diſtance. 

L Hor. par. o 58 35 

; Ar is the chord of 103 29 27 | 
To rad. CD 4 DL 1 | 41 6 2 v8.9 2 | 
SE... 19 g 36 App. diſt. 10g 29 be 

MN, 5 on the chords, is 273, here | o 27 40 
Aud 63: (62'—g8' 35") 34 i: 274 : 14 nearly oO 4 30 
The true diſtance (leſs than the appar.) 3 103 3 17 


D——————AITI 
Ageeng, with the Example inthe 220 Fo within 2 ſeconds only. 
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General Directious respecting the SEXTANT : of observing the 
distance between the Moon and a celestial Object; and of the man- 
niere taking a ſet of Lunar Observations. ores of UL dog 


— * —_ 
> 
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Or rn SEXTANT. 


'T as Sextantis conſtructed on the ſame principles as the Quadrant, having 
its arch extended to 60®, which, becauſe of the double reflection, is divided 
into x20% As the Sextant is principally deſigned for determining the an- 
gular diſtance of the Moon from the Sun, or a fixed Star, it is therefore 
more nicely conſtrued, and furniſhed with ſome additional parts that are 
wanting in the Quadrant. | | 155 
This inſtrument, which is commonly made of metal, has a wooden han- 
dle attached to the back of the frame, by which, when obſerving the diſtance 
between two objects, it is to be held with one hand, while the other is em- 
ployed in regulating the index. The degrees on the limb are commonly di- 
vided into three equal parts, containing each therefore 20 minutes; and the 
index ſcale is divided ſo as to ſhew half minutes, and ſometimes the ſixth of 
a minute. The index is furniſhed with a tangent ſcrew,” by which it may be 
moved lowly and regularly; and therefore the contact of the limbs of any 
two objects, may be made, as perfect as the eye is able to.diſtinguiſh, when 
aſſiſted with one of the teleſcopes which uſually accompany this inſtrument. 
In the beſt Sextants, the lower half of the index glaſs is ſilvered, and the 
back ſurface of the other half ground and painted black; A thin plate of 
braſs, equal in length and breafth to the ſilvered part of the ſpeculum, and 
moving on an axis, is occaſionally raiſed before that part of the index glaſs, 
the reflection being then ſeen from the poliſhed ſurface bf the upper half of 
that glaſs; ſo that by this means any error which might probably ariſe from 
the double reflections, or the want of paralleliſm in the two ſurtaces, is 
avoided. This, among many others, is an improvement we owe to the Rey, 
Dr. MASKELYNE, | VVV 
In ſome Sextants the horizon glaſs is fixed to the inſtrument, and is there. 
fore incapable of adjuſtment; in theſe it is neceſſary to aſcertain with great 
q | WS 5 accuracy 
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accuracy the index error. The coloured glaſſes are ſimilar to thoſe in the 
Quadrant, being ee four in number; the Sextant has, however, gene- 
rally three more, which are placed occaſionally on the farther fide of the 
horizon glaſs. Theſe are particularly uſeful in taking the Sun's altitude by 
the artificial mercurial horizon at ſea or land; alſo in finding the index error, 
by means of the Sun. | 
The Sextant ſhould be furniſhed with two teleſcopes, one to ſhew objects 
in their natural poſition, and the other of the common aſtronomical conſtruc- 
tion; with a tube alſo without glaſſes. By means of theſe, the line of ſight 
may be rendered parallel to the plane of the inſtrument ; and the contact of 
the limbs of any two objects more accurately determined. The tube, or 
either teleſcope, is to be ſcrewed into a braſs ring, which is connected with 
another braſs ring, by means of two ſcrews, in ſuch a manner as to raiſe or 
lower the teleſcope, in order that the line of collimation may be directed to 
2 5 part of the horizon glaſs. A circular cell, containing a plate, in 
which are three coloured glaſſes, ſometimes accompanies the Sextant: This 
cell is to be ſcrewed on the eye end of the tube, or of either teleſcope; the 
edge of the plate projects a little beyond the cell on one fide, and is movea- 
ble by the finger, ſo as the perforation, or either coloured glaſs, may be 
brought oppolie to the circular aperture in the cell. | 


Examination of the Sextant. 


Every Mariner ought to be e 1. careful reſpecting the accuracy of 
his inſtrument; or to be well affured of the correttions for any errors to 
which it may be liable; as a neglect or inattention of this kind muſt render 
the beſt obſervations uncertain, and a dependance thereon evidently attended 
with danger. l RE, | | 
The imperfections of a Sextant may ariſe from various parts of its con- 
ſtruction; — the primary and intermediate diviſions of the limbs; the divi- 
ſions of the index fcale ; the paralleliſm of the furfaces of the mirrors, and 
of the ſkreens or coloured glaſſes, with the purity of their mediums ; and 
_ laſtly, which is of equal importance, the workmanthip of the whole, which, 
if _ carefully executed by a good artiſt, will render the inftrument of little 
value. : 
The length of the ſcale on the limb ſhould be adapted to the radius of the 
Sextant ; which may be aſcertained in the following manner. Meaſure the 
diflance between the centre of motion of the index, and the exterior circular 
line bounding the diviſions, and apply this diſtance to a ſcale of equal parts. 
„ G e R Multiply 


- 
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the number anſwering to this diſtance on the-fcale by 77256, and the pro- 
duct will give the-extent between o' and go“, or between go“ and 120%, on 
the limb. The diviſions on the limb may alſo be verified thus: On a level 
beach or piece of ground, let two rods be placed in a vertical poſition, at a 
convenient and nearly equal difiance from the obſerver; adjuſt the Sextant 
by the left hand rod, and take the exact angular diſtance between the rods ; 
now meaſure the diſtance between the centre of the index glaſs and each rod, 
and alſo the diſtance between the rods, as accurately as poſſible. Hence the 
angle at the centre of the index glaſs may be found by trigonometry. the dif- 
ference between which and that by obſervation, will be the error of the ſcale 
at that particular diviſion. By altering the diſlance of the rods, and pro- 
ceeding as before, it will be found if the error be proportionable to the arc; 
and by this means a table of errors may be made for any inſtrument under 
examination. | g 
The intermediate diviſions may be examined by means of the index ſcale, 
if it be of a proper length, which is eaſily diſcovered by multiplying the 
radius of the Sextant by 05526, if the ſcale takes in 6“ 200, but by 06108 if 
equal to 7. Now if one of the extreme diviſions of the index ſcale be put to 
any on the limb, the other extreme diviſion will coincide with a diviſion on 
the limb; and in this manner may the whole ſcale be verified. The accu- 
racy of the diviſions of the index ſcale may be eaſily aſcertained, by obſery- 
ing if the differences of coincidence between theſe diviſions and thoſe on the 
limb be.regular, and that no two diviſions on the index coincide with two, 
at the ſame time, on the limb, the extreme diviſions excepted. 
Both ſurfaces of each mirror ſhould be perfect planes, and ſtrictly parallel 
to each other. The firſt of theſe requiſites may be verified by means of two 
diſtin& objects, as follows. — Move the index, till both objects are exactly 
in contact at the upper edge of the ſilvered part of the horizon glaſs; now 
the plane of the Sextant being ſtill kept in the ſame poſition, move it, in its 
own plane, ſo as to cauſe the united images to move along the line of ſepa- 
ration of the horizon glaſs ; and if in this motion the images continue united, 
the reflecting ſurface 1s a good plane; otherwiſe the plane is imperfect. The 
paralleliſm of the planes of the reflecting ſurfaces may be examined, by 
viewing the image of the flame of a candle reflected obliquely by the glaſs ; 
for if that image appears ſingle and well defined about the edge, the ſurfaces 
of the glaſſes are parallel to each other; but if the refſected image is repeated, 
the planes of the glaſs are inclined, and produce an erroneous angle of 


reflection. | 5 


1 1 


The coloured glaſſes ſhould be free of veins, and have their planes alſo 
true and parallel. The firſt defect will be immediately ſeen by viewing the 
Sun through them ; and the latter may be diſcovered by the following me- 
thod. Obſerve the Sun's altitude when near the meridian, and ſecure the 
index ; then turn the coloured glaſs with its other ſurface towards the index 


glaſs, and if there he no difference in the altitude, the planes of the glaſs are 


parallel to each other; if not, make the contact of the Sun's limb and ho- 
 Tizon- perfect, and half the difference of altitudes will be the error of the 
_ glaſs. The lower the Sun's meridian altitude the better. 


Adjustments of the Sextant. 
A Sextant is adjuſted by ſetting the mirrors perpendicular to its plane, and 


arallel to each other, when the index is at Zero, and recti fying the poſition 
of the line. of collimation. . , 


The firſt adjuſtment is effected thus: Put the index to about 60, and hold | 
the plane of the Sextant nearly parallel to the horizon, the limb being from 
the obſerver: then, if the reflected limb of the inſtrument by the ſpeculum 


appears to be exactly in the ſame plane with that ſeen directly, the glaſs is 


truly perpendicular to the plane of the Sextant. But if the limbs are not in 
the ſame plane, turn the ſcrews in the plate behind the ſpeculum til} they 


are apparently brought into that poſition, and the glaſs wilt be adjuſted- 
To ſet the horizon glaſs e pang ey" to the plane of the Sextant, —bring 


the beginning of the divi 
glaſs being previouſly adjuſted), and hold the plane of the inſtrument” hori- 


zontally; then, if the reflected horizon and that ſeen directly are in the ſame 
ſtraight line, the glaſs is truly E ; otherwiſe, turn the adjuſting 
e es 


ſcrew of the horizon glaſs till the coincidence be perfect. 

© The-paralleliſm of the horizon glaſs and the ſpeculum may be thus exami. 
ned.—Let the firſt divi ſiom on the index be ſet to zero on the limb, and ſecu- 
red by the ſcrew in that poſition ; and make the coincidence of theſe divi- 
ſions accurate by the index adjuſting ſcrew, uſing occaſionally the magnify- 
ing lens. Fix the teleſcope in its ſupport, and, by means of its ſcrew; let 


it be turned till its field is biſected by the line which ſeparates the ſilvered 


and tranſparent parts of the horizon glaſs; then, keeping the ſextant in a 
vertical poſition, direct the ſight to the horizon, and if the reflected and di- 
re& horizons do not coincide, releaſe the ſcrew which lies nearly behind the 
ſupport of the teleſcope, and, by means of the lever, make the coincidence 


ol the. horizons perfect, and the horizon glaſs will be properly adjufted. 
. E But. 


ion on the index to zero on the limb (the index 


fixed Star, the Sextant mult be ſo held 


(82) 


But as it is difficult to obtain a true coincidence by this means, the horizons 
may be brought to coincide by turning the adjuſting ſcrew of the index, and 
the difference between the two zeros will be the index error. Dr. Maskelyne 
gives us an excellent method in the Requiſite Tables, of finding the index 
error; which is by meaſuring the diameter of the Sun or Moon twice, with a 
motion of the index in contrary directions. If both meaſures are taken either 
to the right or left of o on the limb, half their ſum will be the index error, 
and is ſubtractive or additive accordingly. But if one of the meaſures is 
taken to the right, and the other to the left of o, half the difference is the 
index error, being additive when the diameter meaſured to the left of o ex- 
ceeds that meaſured to the right; otherwiſe ſubtractive. In many Sextants 
the horizon glaſs is fixed; the index error muſt therefore be found and con- 
ſidered as a conſtant quantity, to be applied to all angles meaſured by that 
inſtrument.  _ . | | | 
The laſt adjuſtment of the Sextant is the paralleliſm of the line of colli- 
mation with the plane of the inſtrument. To effect this, bring the two pa- 
ralle] wires in the eye end of the teleſcope, parallel to the plane of the Sex- 
tant, and ſele& two celeſtial objects, 8 diſtance may be goꝰ or more; 
and, at the wire neareſt the plane of the inſtrument, make the contact of the 
limbs as perfect as poſſible, and there ſecure the index. Now move the Sex- 
tant till the objects appear at the other wire; and if the ſame limbs are in 
contact, the line of — Is or axis of viſion, is true. But if the limbs 
are either apparently ſeparated, or partly cover each other, correct half the 
error by the ſcrews in the circular part of the ſupporter, one of which is 
above, and the other between the teleſcope and Sextant; then turn the in- 
dex adjuſting ſcrew till tte limbs are in contact, and proceed as before tilt 
no error remains. The error of the line of collimation in a Sextant being 
known, the reſulting error of obſervation may be obtained by computation; 
or it may be had by inſpection from a table calculated for this purpoſe by 
Mr. Mackay, in his valuable book on the longitude. 2 Te, | 


Do observe ibe Distance between the Sun and any celestial Object. 
obſerving the angular diſtance between the Moon and the Sun, or a 

d Star, the Sextant muſt be n that its plane pro- 
duced may paſs targugh his eye and both of es ; and the reflected image of 
the b ſuminous of the two, is to be brought in contact with the other ſeen 


directly. It is evident, therefore, that when the brighteſt object is to the right 


of © 
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the other, the face of the Sextant muſt be held upwards ; but if to the left; 
downwards: In the former poſition, the inſtrument ſhould be held with the 
right hand, and in the latter with the left; the other hand being employed 
in regulating the inden. | | | 
*  Uthe at ge the Sun, —having brought the wires in the teleſcope paral- 
lel to the plane of the Sextant, and (if the Sun be very bright) raiſed the 
ſkreen before the ſilvered part of the ſpeculum; direct the-teleſcope:either 
to the tranſparent part of the horizon glaſs, or to the dine which ſepatates the 
ſilvered and tranſparent parts of that glaſs, according to the brightneſs of the 
Sun, and turn down one of the coloured glaſſes. Then having brought the 
inſtrument, as above remarked, into its proper poſition, look directly through 
rhe teleſcope at the Moon, and move the 3 the limb of the Bun is 
nearly in contact with the enlightened limb of the Moon; there ſecure the 
index, and by a gentle motion of the inſtrument, let the image of the Sun 
paſs alternately by the Moon; and where the limbs appear the neareſt to each 
other, make the coincidence perfect by the index adjuſting ſcrew. Then 
will che index ſnew on the limb (uſing the magnifying glaſs) the angular diſ- 
tance between the limbs of the Sun and Moon. £454 5 
If the object be a Star. direct the teleſcope to the line of ſeparation of the 
filvered and tranſparent parts of the horizon glaſs, and if the Moon is very 
bright, turn down the lighteſt coloured ſkreen. Lock directly through the 
teleſcope at the Star, — poſition of the Sextant as before directed, 
and move the index till the Moon's enlightened limb appears by reflection to 
be nearly in contact with the Star; then ſecure the index, and by the adjuſt- 
ing ſcrew make the coincidence perfect, and the index will ſhe w: the obſerved 
Anse between the Moon's enlightened limb and the Star. | ; 


The manner of taking a get of Lunar Observations. 


To take a ſet of Lunar Obſervations in a regular and accurate manner, 
three aſſiſtants are neceſſary, two to obſerve the altitudes of the objects, at 
the ſame time that the diſtance is taken hy the principal obſerver: the other 

aſſiſtant is to mark preciſely, by a watch ſhowing ſeconds, the time when the 
obſervations are made. If the Sun or Star is at a proper diſtance from the 
. meridian, the time may be deduced from the altitude obſerved at the ſame 
time with the diſtance, and therefore the watch is unneceſſary ; but if the 
obje& with which the Moon is compared be too near the meridian, the watch 
is indiſpenſibly neceſſary, in order to connett the obſervations for determin- 
| | | ing 


1 


ing the apparent time at the ſhip, and the longitude, with each other.“ 
Previous to the obſervations, let the Sextants and Quadrants be accuratel 
adjuſted, or their errors of adjuſtments found, and their indices ſet to the eſti- 
mate diſtance and altitudes reſpectively. Now, the obſervers being all pre- 
pared and conveniently ſituated, they are all to begin to obſerve at the os 
time; and when the principal obſerver has obtained a perfect coincidence of 
the limbs of he-objetts, he informs his aſſiſtants; when the writer immedt- 
ately puts down the ſecond, minute, and hour; with the diſtance, and alti- 
tudes of the objects. In this manner the obſervations are repeated, till four 
or five different ſets are obtained, which may be eaſily performed in fix or 
eight minutes. The mean of each ſet of obſervations 1s then to be taken, and: 
— bag itude of the Ship deduced from thence, in the ſame manner as from a 
_ Ungle 1et, 8 | | 
everal examples illuſtrative of this method may be ſeen in the Requisite 

Tables, from p. g8 to the end. „„ | 
An expert obſerver, however, may diminiſh the number of his aſſiſtants, 
and even, in caſe of neceſſity, might be capable of making all the neceſſary 
obſervations himſelf, with a tolerable degree of accuracy.—Let two or three 
altitudes of the limbs of the Sun and Moon be taken, with the time per 
watch of each: then obſerve five or ſix diſtances between the limbs of theſe 
objects, and laſtly, ſeveral altitudes are again to be obſerved. Find the mean 
of each ſet of obſervations, and reduce the altitudes to the time of the mean 
distance; which may be effected, without any ſenſible error, by even pro- 
portion, provided the intervals of obſervation are ſhort, as the change in al. 
titude may be then ſuppoſed uniform. Hence will a complete ſet of obſer- 
vations be obtained. 3 e e 

The following imaginary example will illuſtrate the method of reducing 
the altitudes to the time of the mean diſtance. | 


t Vide Remark in the Requiſite Tables, p. 42. 


Time per watch. 
H. M. S. 3 
2 28 10 Alt. S. L. L. 
29 20 
Ob. 1 2 J 57 30 
28 45 | 
gi 20 Alt. M. U. L. 
32 16 
G 31 48 - 
34 19 Diſt. neareſt limbs 
35 28 | 
| 36 30 
Ob. III. 
3132 30 
10 50 
Alt. S. L. I. 45 52 
. 45 48 
2191 40 
45 50 
Alt. M. C. I. 15 48 
15 45 
2131 33 
15 46 30 
LI: 8 1 h 1 n 
28 45 46 11 2 28 45 
2 40 10 45 50 2 35 29 
1 6 44 
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Reduced alt. Sun's I. I. 


4 S470 . h tn n 
2 31 48 16 5 0 2 31 48 

2 43 7 15 46 30 2 33 29 
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As 11 19 2 18 g 
Moon's alt, at 24 317 48» 


Reduced alt. Moon's U. L. 
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Time p. watch 
2h ow _ 
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Hence we have the following ſet of obſervations. 
Diſt, neareſt L. “s S. and M. 


2 31 48 


2 35 29 


2 40 10 


243 7 


15 59 


Alt. Sun's L. . 
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If the Sun be near the meridian at the time the diſtance is taken, it has 
been before remarked, the apparent time cannot be deduced from. thence 
with a ſufficient degree of accuracy; if, therefore, the error of the watch is 
not known, other obſervations muſt be taken before or after the obſervation 
of the diſtance, in order to aſcertain that error with preciſion. But if the ſet 
of obſervations be made any time between half an hour after fun-rife and 
ten o'clock in the forenoon, or between two in the afternoon, and half an 
hour before ſun-ſet, the apparent time may be obtained from the Sun's alti- 
tude; in which caſe the watch is not abſolutely neceſſary. In finding the 
lunar diſtances with the ſtars, though an obſerver be not much acquainted with 
them, he will not find it difficult to diſtinguiſh the ſtar with which the Moon 
1s to be compared; for, knowing the time of obſervation, and the ſhip's lon- 
gitude by account, the approximate time at Greenwich is alſo known, to 
which time the diſtance nearly between the Moon and given Star will be 
found in the Nautical Almanac. If the index of the Sextant, therefore, be 
ſet to this diſtance, and the inſtrument ſo held that its plane may be at right 
angles to the line joining the Moon's cuſps, and a flow vibratory motion then 

iven to it, the Star will be immediately diſcovered in the foliated part of 
the horizon glaſs, being uſually one of the greateſt magnitude in that part of 


the heavens. 5 
FINAL REMARK. 


The Mariner muſt be careful to obſerve, in uſing the Nautical Almanac, 
to make a proper diſlindtion between the aſtronomical, civil, and nautical 
reckoning of time; as the nautical, or ſea mode is 24 hours, or one whole 
day, and the civil twelve hours, in advance of the aſtronomical, at the 
commencement of the day. Thus, May 28th, g* 50 in the forenoon, civil 
time, is May 27th, 21" 500 aſtronomical time, and May 28th, g* 5o! A. M. 
nautical time: Alſo, = | 28th, g* zo! in the afternoon, civil time, is Ma 
28th, 9 zo! aſtronomical, and May 29th, g* 50 P. M. nauticah; the end- 
ing of the nautical, the noon of the civil, and the beginning of the aſtrono- 
mical day, being all at the ſame time. = : 
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PRO ND 
GENERAL COURSE OF LEC TURES, 
9 7 ; 4 On the moſt uſeful and entertaining Parts of 
EXPERIMENTAL PHILOSOPHY, 
COMPRISED IN TWELVE EXHIBITIONS. „ 
By HENRY CLARKE, 


LATE PR.ELECTOR ON MATHEMATICS AND PHILOSOPHY, IN THE COLLEGE 
j OF ARTS AND SCIENCES, AT MANCHESTER. 


 Philosophna Mater omnium bonarum Artium est. | 
b _. LECTURE I. 
ELECTRICITY. 


E nature of the electric fluid: the vitreous or poſitive, and the reſinous or negative powers ex- 
plained. —The conſtructĩon of the parts of the machine, and the manner of collecting the fluid. 
EleQrics and Conductors, what. The conſtruction of the Leyden phial—charged and diſcharged— 
rationale of; an exploſion with the balls—filemly with points—by the human body—by 2a circuit - 
through many conductor: takes generally the ſhorteſt courſe. Glaſs plate charged and diſcharged ; 
the ſhock given through water—difcharged through a card—diſcharged but partially through 1 
circuit of ſilk, glaſs, or any electrie or non- conductor. Electric attraction and lIhon—exhibited 
by a variety of experiments. The phenomena of the double bottle explained. ce effects of balls 
and points, by experiments. Mr. Gamble's curious experiment with the ball and leaf. Ex 
or rarefaction of the air, ſhewn by Kinnerfley's eleQric-airthermometer. The ele&ric orrery, being 
a beautiful repreſentation of the earth's annual motion round the ſun, the moon's monthly motion 
round the earth, and the motions of the whole round their common centres of gravity. Medical 
Electricity : its effects on the human body on the inſulated board. Capillary tube experiment, prov- 
ing the acceleration of the circulation of the blood by the application of the Electric fluid. How ap- 
plied to the human body in various cafez—by Dr. Lane's medical bottle by Dr. Birch's new medical 
apparatus. The new bottle- director. The Electrophorus explained experiments witb. 
-- +4 +: +/+ TBCTURE n. 

; &:& 86-7. £6 £-F to | | 
| 1 nature of pos and negative electricity farther illuſtrated - by the prime conductor - by the 

Leyden phial—by the ſuſpended balls - by the quad rant electrometers. The courſe of the elec- 
tric fluid rendered viſible to the ſenſes by the univerſal difcharger ; poſitive and negative charge of a 
jar evidently proved thereby. The * bubble experiment. The Electric battery explained, 
wacky charged, &c. The nature of conductors to houſes—how preſerved from thunder and lightning: 
experiments with the Thunder-houſe, Church, &c. to illuſtrate this ;—objeftions by Mr. Wilſon, 
&c. Experiments of the electric exploſion received by a 2 within a'glaſs tube - applied to the 
thunder-houſe, to ſhew the inefficacy of points in certain caſes. 
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s!uie Effetls of the Rlettric Battery. 7 
A quire of paper perforated by the electric fluid; ſpirits with ol the electric ſpark ; cotton fired: 
c 


gun- poder fired; wire melted ; gold leaf incorporated with glaſs; tubes burtt by the paſſage of 
the electric fluid ; houſe ſet on fire, another blown up by the diſcharge of the battery; piſtol fired 
by the electric ſpark. Paſſage of the electric fluid proved to be inſtantaneous, in diſcharging two (os 
more) piſtols thereby through a long circait. The electric aarnom 1 


4 9 1183 LECTURE III. i j 7 Ry . l N50 83 
LUMINOUS, ELECTRICITY— Dark Rom). 


HE courſe of the electric fluid rendered viſible by the Leyden phial—poſitive and negative by 
the diſcharger; the charging and diſcharging ſhewn by the gar and brush, with Adams's inſulated 
phials in various poſitions. Curious experiment, rendering viſible the courſe of the fluid by the par- 
tial-coated bottle and apparatus—proving, by an ocular demonſtration, the truth of Dr. Franklin's 
hypotheſis of the Leyden phial, or any ſupercharged furfaces. The electric ſpark viſible in water by 
an exploſion therein. rr rendered luminous. The luminous balls. The Aurora borealis--- 
exhibited by the Leyden vacuum. Adams's luminous conductor, in various poſitions. Prieſtley, 
Cavallo, and Crawford's curious experiments with enmuſted receivers on the ar- pump. The lumi- 
nous ſpiral. The luminous tube. The ſpotted. bottles. The luminous word. The Star, Comet. 
Beautiful repreſentations of the conſtellations Orion and Urm major. 8 


© LECTURE IV. 
M 4 6G N E NA 8 M. 


n r kinds of magnets deſcribed ; general laws of attra&ion 
and repulſion—illuſtrated by many pleaſing experiments—courſe or direction of the magnetic 
Auid. Magnetic ſuſpenfon—the ures igang necdle—erella explained. The rolling magnet 
entertaining experiment with. The magnetic fiſh. Magnetiſm how communicated to iron or ſteel ; 
Polarity given, deſtroyed, and reſtored inſtantaneouſly. Variation of the compaſs, annual and diur- 

nal variation of the needle ; heat increaſes the.diurnal yariation weſtward ; the whirligigs, a perpetual 
motion in vacuo ; the mode of a perpetual motion exhibited by a combination of magnets. Artificial 

magnets how made. The magical tube and box. The magical heart. ons gs lrg 


 PNEUMATICS, or the Doftrine of dirt. 
Of the nature of the atmofphere, and ait in general conſtruction of the air-pump. Of barome- 
ters, thermometers, and hygrometers. The weight and preſſure of the air proved—by the 
mercurial tube—by an exhauſted receiver by the hand-glaſs exhauſted braſs hemiſpheres ; the ab- 
ſurdity of the vulgar notion of what is commonly called fuction ſhewn ; ſhower of quickſilver through 
the pores. of wood ; the operation of the common water-pump—water not riſe in vacuo ; artificial 
fountain by the 1 of the atmoſphere; phials broken by the preſſure of the air; the glaſs bub- 
bles ; ſyringe and weights to prove the preſſure of the air upwards ; the ſame pores by the inyerted 
jar. The {ſpring of the air demonſtrable by various experiments—by the bladder, bubble, egg. 
Fawkes's r artificial fountain - weights raiſed by the ſpring of air in a bladder bottle | 
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PROSPECTUS. 


LECTURE VI. 


HE mercurial gauge—curious experiment Thewing the ſpring of the air to be equal to ita weight 
. or preſſure by the riſe of the mercury ; fiſh experiment under the exhauſted receiver; water 
boiled by exhauſtion; air extracted from a vegetable ſubſtance in water; lead and cork in vacuo. 
Bell in vacuo ; tranſition from hence to the doctrine of ſounds ; the conſtruction of the ear; the mo- 
nochord, ventriloquiſt, &c. explained :; guinea and feather experiment, | 

NEW hydroftatic apparatus deſcribed : Fluids weigh as much in their.own element as in air. A 
body weighed in a fluid loſes phy as much of its weight as its bulk of the fluid wei Of the 
ſpecific gravities of bodies, air weighed in its natural, rarehed, and condenſed ſtate. The common. 

Hydrometer explained; deſcription and uſe of the patent Hydrometer, Saccharometer, and Lacto- 
meter, ſhewing . ſtrength or purity of ſpirits, malt- liquor, and milk. Fluids preſs 
equallyin all directions. The preſſure of fluids as their 1 ight. Light wood made to 
fink, and lead to ſwim in water, merely by the preſſure of the fluid. The hydroſtatic paradox. 

 'Syphons. Tantalus's cup. Working mala s of the common pump. Working model of a double 

' forcing-pump, with a Jet d eau. | 7s 


PNEUMATIC CHEMISTRY, Ge. 


TD XORDIUM on the nature and chemical n of Air, Candle extinguiſhed in vacuo re- 
E. marks thereon, The combuſtion of candles in atmoſpheric air the air not diminiſhed thereby. 
Animals killed under a receiver—caule pines by the lungs-glaſs. On the reſpiration of — 
and the changes effected on air in paſſing through the lungs. Of aduft or burnt air. Of the forma- 
tion of elaſtic a&riform fluids, viz. Hy yes gas —Oxygene gas—the carbonic acid=azot and ni- 
trous air—exemplified in their actual production and the criterion of each ſhewn by experiment. 
Of the muriatic and oxymuriatic gas Of caloric, or the matter of hear. The decompoſition of wa- 
ter—and its formation by burning Hydrogene gas in a glaſs filled with Oxygene. Iron wire defla- 

rated in the Oxygene gas. Eudiomet rical experiments for determining the purity of air. On mineral 
waters. The Pyrmont and Buxton waters—how compaled artificially. Various entertaining experi- 
ments with inflammable air. Repreſentations of Volcanic Mountains—curious and pleaſing, appear · 


EIN the nature of Viſton, and the Laws of RefraQion-and Reflection uf Light are plea- 
; fingly illuſtrated by various-combinations of lenſes and mirrors, in a manner neuer befose 
attem in any public Lecture The diſſection of a natural eye, compared with an artificial - 
whereby its wonderful ſtructure is clearly explained ;—the Newtonian doctrine of colours, — 
by the very priſmatic experiments hereon the great diſcoverer fountied his curious and univerſally 
admired Theory; with a diſplay of the advantages deduced from thence in the perfecting of artificial 
viſion to aſſiſt the natural, &c.—Subjetts chat cannot but afford, to an intelligent audience, the moit 
exquiſite entertainment—viz.. That of developing the immediate cauſes of corporeal effects, in one of 
the moſt conſpicuous, and perbaps uſeful of the natural Faculties. 1 
The apparatus illuſtrative of this ſcience—are fangle lenſes of the various forms —chmpoun and 
achromatic lenſes,—convex, concave, PR. and cylindric mirrors, —equiangular priſms, —Dollond's 
Tet of priſms, —artificial eyes, ſcioptr c ball, —the Newtonian wheel, —anamorphoſes,—optical | 
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+ PROSPECTUS, 


| - FJRCTORD IX. 
ASTRONOMY and GEOGRAPHY. 


| OUGHTS on the Univerſe ; the Prolemaic ſyſtem ; the Tychonic ſyſtem ; the Copernican or | 
1 Solar ſyſtem ; the extent and conſtituent parts thereof. Of the Sun ; the ſolar maculz; the pri- 
mary planets ; the ſatellites. Of the number, order, diſtance, magnitudes, and periods of the pla- 
"nets—fuperior and inferior planets and con junttions; Rationary, dire, and retrogade motions 
what, explained by a new piece of machinery in the Orrery ; of comets and other phenomena ;—the 
whole illuſtrated by an elegant, modern PLANETAREUM, and a COMETARIUM. f : 
Of the Moon; its phaſes, period, &c. its libration, nodes, apſides, &c. Of the nature of ſolar 
and lunar eclipſes, &c explained by diagrams, and the LUNARIUM. | Oo Pio As | 
Of the — diurnal and annual motions; variations in the paralleliſm of its axis, how cauſed-: 
- 6 of time what, applied to the regulation of a time-piece, Syderial time, determined froma a 
ſtellar tranſit—-by an elegant, newly-conſtrufted Tranſit Inftrument, —by the common Tranſit, Me- 
ridian Line,—how accurately drawn, — its uſes. Variation, Azimuth, and Amplitude Compaſs ex- 
didit ed and explained, —improvement therein. The ſeaſons, length of days, &c—illuſtrated by the 


TELLURIAN. 
LECTURE. X. 


HE popular doctrines of ASTRONOMY and GEOGRAPHY, exhibited by the improved 
GLozxs, and an elegant ARMILLARY SPHERE. . A recapitulatiom of the moſt eſſential ' 
| parts of theſe ſciences, illuſtrated by a variety of ſmall MOVEABLE TRANSPARENCIES,—the 
4 . whole exhibiting a beautiful and ſtriking diſplay in miniature ofthe principal celeſtial phenomena ye- 
= | lative to Geography and Aſtronomy, viz. The Ptolemaic, Tychonic and Copernican ſyſtems, ſolar 
| and lunar eclipſes, t ranſits of Mercury and Venus, the Moon's phaſes, variation in Saturn's ring, Ju- 
piter's belts and ſatellites, ſolar macuie, lunar occultations, the tides, viciſſitudes of the feaſons, the 
accelerated and retarded motions of the comets, &c. &c.—with an honorary illumination, exprefſing 
the diſcoveries, &c. of the moſt celebrated Aſtionomers. 585 1 n | 
-  EECTURE XI. 7 N 
MATHEMATICS. | 
O the principles and application of Geometry and Trigonomet ry to Menſuration, Navigation, 
Dialling, &c. and to mechanical and philoſophical purpoſes in general. Some of the moſt uſe- 
ful propoſitions of Euclid conſidered; their application in menſuration, gauging, ſurveying, &c. The 
nature of angles. Trigonometry ; its application in various ſciences. An ocular demonſtration of 
the analogies in ſpherical trigonometry ; conic fections; ordinate figures ; principles of fortification ; 
the Platonic bodies. The — explained by an example. Of Quadrantz—imperfe@ions S 
pointed out. Hadley's explained. The complete Sextant and artificial Horizon, exhibited and eluci- 
— Menſuration of fuperficies and ſolids, demonſtrated in a-pleaſing manner, by a variety of ſin- 
gle and compound bodies, whereby the intricacy of the theorems or 1ules is removed, in aualizing 
the propoſed figures or bodies by ſeRions of the moſt ſimple form. TRE 
7 LECTURE XII. ah 
bs etl r 
CC NE motion in general. The laws of falling bodies; colliſion of bodies; rotatory motion; ex- 
2 plained by the whirling table, &c ---pendulums ; projectiles; gunnery ; initial velocity of balls, 
' Illuſtrated by a model of the new balliſlic machine at Woolwich. e reſolution and compoſitiomof 


3 forces elucidated by a Pages machine. Of the mechanic R of calculating ;—pro- 
= perties of the Lever, atre of Gravity,—experiment of the double Cone. Model and pronei- 


. ples of the Gold Beam. Properties of the Balance. Combination of powers, illuſtrated by an ele- 
© gant from Ferguson :—The whole explained by a neat and extenſive ſet of — a Hh 15 


GENERAL SYLLABUS 
© IX ner, 
On events tal and AA lauch ical. Subjects. 


Bx H. CLARKE. 1 rl 


, , 7 SOTO 
THE Theory of the EARTH,—its internal and external ftrufture,—the various changes the Earth has 
undergone from its primordial ſtate, the cauſes and effefts of Volcanos,—the origin of Mountains, 


Rivers, &c. Of Wi uns, —the Monſoons. Of Meteors, &c.—1lluſtrated by a variety of e Her 


panticulacly Bardin's elegant new improved Globes, —the Whirling-table, elearly elucidating 's 


univerſal laws of Central Forces, — with experiments, and illuminated tranſparencies, adapted to the 


hypotheſes of the moſt eminent Naturafiſts. 
As Tons TEC RE V. 1 | 

PRACTICAL ASTRONOMY,—the various methods of making obſervations, particularly reſpecting 

the corrections in Latitude and Longitude. New and conciſe method of finding the Longitude at ſea, 


—with the rationale. Of Time,—its equation, —applied to the RI of a .Time-piece. , Of 


Franſits,—their uſes illuſtrated by an elegant newly conſtrued Tranſn Inſtrument, - by the common 
Tranſit, Meridian line, how accurately drawn,—its uſes. Variation, Azimuth, and Amplitude 
Compaſs exhibited and explained, improvement therein. Of rants, —imperfeRions pointed 
out, —Hadley's explained. The complete Sextant and Artificial Horizon exhibited and elucidated. 
The new Pocket Box Sextant and Aruficial Horizon, The Ring Dial. Pocket Compaſs Dial, with 


Equation Table, &c. 2 

| | LECTURE III. 3 * 

zm DRAWING, -\(amillarined bye vevieny of Lagar Defigye 
and moveable ſchemes. The different practical methods of taking Perſpective Views explained. 
theory of Aerial Perſpective, illuſtrating the rules of light and ſhade by various examples, and exhibi- 
ted in an excellent Perſpective Apparatus The Camera Obſcura,—Perſpe&ive Compaſſes, —Penta- 
graph, &c. - with the deſcription and uſe of different machines for taking Perſpective Views. 

| | LECTURE IV. 


The Modern Theory of FORTIFICATION,—exemplified by Diagrams, and a correct model of an ex- 


— Fortification, — with the various Out-works, &c. Model of a Tempolary or Field Fortiſicat ion, 
LECTURE T. ; | 


x 


The Ancient and Modern Theory of BALLISTICS and GUNNERY. The laws or ProjeRtiles,—applied 


to the late practice of Gunnery. deſcription (by complete models) of Land and Ship Cannons, and 
Sea Mortars,—their Carriages, &c. The Gunner's 2 Quadrant, &c. explained. The new prin- 
ciples of Gunnery, elucidated by various 227 54 ions, and a model of the Balliſtic Machine. 


On the Arts of BLEACHING, DYEING, and PERFUMERY. Introductory difcourſe on the Acids and : 
ariatic and Oxymuriatic acid Gaſes, — their application in Bleaching, On the colouring 


Alkalis. Of 
rinciples, The fixed and fugitive Of Colour in grain. Of the Paſtel, Woad, and Indigo 

5 Fats. Enquiries concerning Wool, Sk, Cotton, and Flax. Of the reſpeQtive preparative mordants. 
Of the proof liquors for woollen dye. Of thecolouring Drugs, and dyeing with Aſtringents—On 


the Spiritus Reflor, or Aroma, — how extracted. —and applied to various ſubſtances. The whole ac- 


companied with experiments, exhibiting the preſent praftice of ſome of the moſt eminent in theſe 
arts in one of the bet manufaBtaring towns in England, and with whom H. C. has for ſome 2 


been intimately connected: With the Rationale of every proceſs (diſcarding the old maxim of 


- Empirics, * Ars ext celare artem, ) agreeable to the preſent diſcoveries in philoſophy. - 


— 
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PNEUMATIC CHEMISTRY, 


On, Tus. 


PRODUCTION, MEDICINAL USE, & APPLICATION 


' FACTI iOS AIRS : 


57 H. CLARKE. 
es imme at y on the cloſe of the Courſe on Experimental Phibphy. 
„ | Tie Whole being compriced in 
a TWELVE LECTURES. 
5 * 1 ; 4 


Suns of the — — —_— LE CTURES are the 3 : 

_ Air-pump—American ditto, with a variety * Hydroſtatic 1 
denſing Engine Exhauſting Syringes, with ſets of C g-glafſes—Improved Papin's Di 
Common Air-gun—Magazine tto—Improved mas 6g 1805 impregnating. water with — 
gaſes Complete ſet of Bergman's precipitants for analyſing waters, &c.—Fontana's Eudiometer im- 
* s Lamp—Magellan's Lamp-furnace, with Blow-pipes, Double Bellows, Retorts, &c. 
— Cronſted's complete Laboratory, improved by Magellan, for Metallurgy—Schmeiſfer's mineralo- 
ical Appa - uppelling, or Effay-furnace—Evaporatory, Reverberatory, and Forge Furnaces— 
*Lavoithere's Gazometer—the Calorimeter Woulfe's Apparatus, improved by.Chaptal— Pneumato- 
chemical machine for diſtillations, metallic diſſolutions, on a new plan, by H. C.—Apparatus for ex- 
periments upon vinous and put refactive Fermentation -Meuſnier's Apparatus for experiments on 
combuftion-—Boyte's Bell for the oxydation of Mercury—Achard's machine for uling Oxygene Gas 
to increaſe the force of fire---with a NC of apparatus for the mechanical * l 


* 
practice of Chemiſtry. | . 5 


me, 3 


Lately Published, and may be had of the Author, H. CLARKE; : 


| The Summation of Infinite Series, 5. d. 
en the Latin, with an Ap- 


2 0 Vit! The) /Pedagogue, a Sati 2 
Ao. 22 0 A rical 2271 
11. Ke : Reply to Mr. Laxpzn, on the ſame | 22 ; vo. 0 6. 
SubjeR, 40. 2 6 1X. . ney Erudite, 'a N 14 — id) 
I. Additional Remarks on ditto, 4to. .2 0 a. 8 O 
IV. e with Soom. 4 X An An Efſay on the Uſefulodſs.of Mathe. 8 
ber of Plates, Hvo. 6 O waticat Learning, D ; pByo. .:g o 
V. Circulating Decimal, with curious XI. The College; or, LeQuring 4 la 05 
, MS: on various Parts of the Ma- daurdine, in French and English. 0 
. 8vo. 5s. XII. Zabale. 
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VII. The School Candidates, a Bur- 6. 4 


' PROPOSALS 


FOR PUBLISHING BY SUBSCRIPTION, 


M N EM ONI CA PREC EPTORES ; 


OR, THE 


Turok MEMORIAL BOOK : 
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2 CONTAINING, 


Such Notes and Obieroations as 6 by * Tens * ieder hy . a TEACHER of the Foes: 
| Grommar (univerſal); Arithmetic ; Exchanges, Annuities, &c. 
 Book-keeping ; Geometry ; Trigonometry ; ; Menſuration ; 
Surveying ; Gauging 3 Architecture; ; Fortiftcation ; Gunnery; 
Navigation ; Chronology : : Geography ; z Astronomy; : Dialling ; 
© Irons Algebra, and Fluxions. 


ro WHICH ARE ALSO ADDED, 5 ö 21 
? bear” Memoranda in MECHANICS, PNEUMATICS, HYDROSTATICS, OPTICS, ELECTRLE 


| CITY, MAGNETISM, and CHEMISTRY.,, 1 
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ADVERTISEMENT. 


HE late Mr. Benjamin Martin's F. . Memorial Book having 
1 been long out of print, and few of the copies being now to be met 
with, have induced the Author to offer to his Fellow-labourers a Work ſome. 
thing ſimilar to Mr. Martin's ; but which, he preſumes, will be found, in 
many reſpe&ts, more generally uſeful, as not only compriſing a greater va- 
riety of matter, but principally in being collected from his own manuſcript 
notes, the reſult of actual obſervation. . 
Thirty. years experience in conducting a numerous School, for literary, 
commercial, and mathematical documents, with the Exhibition of Public 
Lectures on Experimental Philoſophy, has convinced the Author of the great 
utility of theſe Memoranda ; and he is perſuaded, that every one in the 
profeſſion muſt have frequently found the neceſlity of having ſuch a com- | 
mon-place book to have recourſe to. Experience has alſo fully proved to N 
him, that the moſt effectual Mnemonzca, or precepts for aſſiſting the memory, 7 
are thoſe which are the moſt conciſely expreſſed ; for which reaſon, he has | 
rejected all verbose rules, scraps of rhyme, Sc. and has every where adop. 
ted the literal or Symbolic mode of expreſſion, with the general characters of | 
which every Iuſtructor is more or leſs acquainted. ED Feb. 
The moſt common ve en and tables are omitted, as the Book 
is intended in general for the TEACHñER; and the Author wiſhes to avoid 
giving offence, in ſuppoſing any ot his brethren unacquainted with the ci. 
entiæ rudimenta; and is equally unwilling to call into remembrance the ſar. . 
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caſtic adage of Plautus, Piscem natare doces! 
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by Mr. J. Muxxar, Bookſeller, Fleet-street : in BRISTOL, by Mr. Suzrrand, Bookſeller, 
Cornestreet; Meſſ Emzzy and Abans, High-Street; and * Mr. Zo waAnx ps, Printer and Book ſel- | 
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